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PREFACE. 


Tue possibility of interesting young people, even 


little. children, in the science of simple things, oc- 


curred to me the first time I ever had the pleasure 


of listening to Professor Huxley. His lucid descrip- 
tion of the yeast-plant recalled the play of my child- 
hood, and then and there was suggested the plan of 
which this volume is the attempted execution. It 
was originally written in the form of letters from Eng- 
land to my little nephew in America; by a subsequent 
modification it assumed its present jorm of scientific 
talks with Boys and Girls. | 

Reasoning from the. inquiries that children are 
continually making, and from the unanswered ques- 
tions asked by myself when a child, I feel there is in 
the minds of children a need which this work is de- 


signed to supply. Even if young people never asked 
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or thought about the familiar things around them, so 
much the more necessity is there for books that will 
develop this spirit of inquiry. It is often urged that, 
because of the technical names with which science is 
loaded, the teaching of it to children is impracticable ; 
and yet geography, itself a master-science when prop- 
erly taught, is put into the hands of every child 
with scarcely any thing left in it bué the names, 
whereas, in true scientific teaching the name is inva- 
riably associated with the thing itself. Geographical 
names are for the most part learned abstractly, because 
of the difficulty the child finds in adjusting the relation 
of a flat map to the round earth; likewise, the relation 
of the parts of the earth’s surface to the whole. 

Again, there seems to my mind far more practicality 
in teaching to a child first domestee rather than foreign 
science. It is more essential that he should know the 
course of his own blood than that he should know the 
course of the Nile, not but that both are well to know; 
but, if either must be unknown, let it not be hemself. 
And the way to know himself is first to know the lower 
forms of life. I use geography as a comparison, be- 


cause no one objects to it as too difficult for children ; 
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but to teach them about the clover-blossom or the snail 
that lies coiled beneath it—the life which they every 
day trample beneath their feet, and which is such a mys- 
terious foreshadowing of their own life—that is all too 
hard. Biology is too big a subject for boys and girls! 

As regards technical terms, I use them; but in 
every instance the literal meaning is also given, or a 
paraphrase in language easily understood, together 
with the scientific name in SMALL CAPITALS, so as to 
cultivate a pectorial memory—an essential aid to scien- 
tific study. 

The scope of this volume is this: beginning with 
the lowest form of vegetable, a characteristic sample 
of the typical forms of life as far as the vertebrate 
animals is analyzed (for classification, see closing chap- 
ter). At some future time, if this attempt be a suc- 
cess, I intend to undertake a similar work upon the 
Vertebrate. | 

Although suggestions are drawn from unscientific 
sources, even nursery rhymes and stories being wor- 
ried into witnessing for some of the orandest truths in 
Nature, yet the subject-matter and the analyses are 


such that they may be taken as guides to real labora- 
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tory work; but the volume is in nowise intended to 
take the place of a text-book. 

An outline of the plan was submitted to Professor 
Huxley, and it received his entire approval. ‘The whole 
scientific part of the work, except the butterfly chapter, 
is based upon the information I received at Professor 
Huxley’s class-lectures in South Kensington Science 
Schools. 

The drawings, as well as the criticism of the scien- 
tific text, are the work of Miss Macomish, a prize 
pupil of Professor Huxley, and a science-teacher in the 
London schools. 

If the book, whose only inspiration is the spirit of 
my childhood, answers some of the questions in the 
minds of the boys and girls who chance to read it, and 
suggests many more than it answers, I shall be glad the 


spirit came back to me, and shall ask it to come again. 


SargAH Hacketrr STEVENSON. 
CuHicago, 1874. 


BOYS AND GIRLS IN BIOLOGY. 
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THE FUNGUS, OR COLORLESS PLANT. 


What the Boys and Girls found in a Spoonful of Yeast.—Bubbles and 
Babies, Cooks and Chemists. 


Upon the old stone hearth by the kitchen fireplace 
stood a quaint-looking earthen jar, whose outside, so 
often spattered with batter, told of the treasures within 
—the precious buckwheat-cakes. 

My early affection for these most questionable arti- 
cles was most unquestionable ; indeed, my heart was in 
. them from the time they were mixed, with familiar 
sound, the night before, in the depths of that myste- 
rious jar, till in the morning they foamed over its brim, 
and over the ladle on to the griddle, and at last yielded 
themselves, crisp and brown, to the melting influence of 
fresh butter, maple-syrup, and a good appetite. 
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With such memories of the dear old buckwheats, I 
can but think kindly of them in spite of the advice of 
doctors and the contempt of foreigners. I do not like 
to turn against such old friends; yet, now I am obliged 
to defend them because of their nateonality, and not 
because of their own worth. I plead for them as I 
plead for pumpkin-pie. I believe in both, because 
both are genuine American inventions—“my country, 
right or wrong.” But the love of other years was 
based upon no such poetical illusion-—my interest, then, 
in buckwheat-cakes was in the cakes themselves, their 
delicious taste, and their curious way of “coming up.” 
How they could be “so light” was almost as great a 
wonder to us children as how they could be “so good.” 
How could so few handfuls of buckwheat make so many 
platefuls of cakes? The magic power that turned so 
little into so much, what was it? Of one thing we felt 
very certain—the yeast must have something to do with 
the mystery. So, one day, we determined to find out 
all about it. | 

It was a rainy day, and we were playing in the store- 
room where all the fruit, flour, and such things, were 
kept, and where Bridget put her yeast-cakes to dry. 
This was our chance to put the yeast into the witness- 
box and make it speak for itself. First, we pounded 
up several of the cakes, keeping close watch for any 
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thing that looked like the “yeast’s spirit” as Charley 
said; “but, of course, we couldn’t see a spirit, if there 
was one,” as Simon said. Then we got some buck- 
wheat and*put the yeast into it, stirring and beating it 
just as they did in the kitchen, intending to watch how 
the batter came up, thinking that the secret could not 
hide itself from us in the day-time while we were look- 
ing, as it did in the night-time while we were sleeping. 
But, alas! the experiment was a failure, for the sound 
of the beating brought Bridget herself in our midst. 
She was in an awful rage because of the litter we had 
made and the yeast we had wasted, while we young 
rogues scampered away as fast as possible, glad to make 
good our escape. But what have these buckwheat-cakes 
to do with Science? Well, I had long since forgotten 
about the queer old jar and our first experiment in the 
_ gtore-room, when, one morning, away over in London, I 
went to hear a great professor lecture on Brotoey: that 
means, he was going to tell about plants and animals— 
every thing that has life. Now, I had heard a great 
deal about this professor, how he believed that the mon- 
keys were our relations, and how he loved to vivisrcr, 
that means, cut up alive, all kinds of animals. So I 
expected to see a cruel-looking man, doing very cruel 
things. But I saw nothing of the sort. With a kind 
and peaceful look, he stood upon a platform at one end 
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of the large lecture-room, and what do you think was 
on the table before him? <A cup of yeast—the very 
thing I wanted to know about ! 

This was his subject, and, as he talked, if seemed to 
me, somehow or other, he must have heard of our ex- 
periment, else how could he tell just what to say? So 
clearly did he explain how that old jar foamed over 
every morning, I thought all you boys and girls would 
like to hear about it, too; so I shall try to tell you. I 
am sure I should have been very glad if I had been told 
something of the kind, instead of being scolded and _ 
called a naughty child. | 

Now, if you will get a little yeast to look at while 
I talk, you will better understand what I say—just a . 
spoonful or two in a glass or cup will do. Let me tell 
you that every thing you notice about this yeast has 
ameaning. I cannot tell you about all the things you 
may see; but I can tell you about some of them, and, 
when you get older, you can perform original experi-— 
ments and find out other things for yourselves. The 
first thing that you will probably notice about the yeast — 
is, that it bubbles, and these bubbles look something 
like the soap-bubbles with which you and I have so 
often played; but we have to make our soap-bubbles, 
while these seem to make themselves. Soap-bubbles 
come from the air which is caught in the water, and is 
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trying to get away, while the yeast-bubbles are formed 
by a gas called cargonic Actp, which is made by the 
yeast. It was found by the bursting of these bubbles 
that they did not contain common air like the soap- 
bubbles, so men began to study yeast to find out what it 
was that made all this blubbering, and I am going to 
tell you all they have discovered so far. If you ask me 
why the air does not stay in the soap-suds and the gas 
in the yeast, I can tell you only that all kinds of gas, 
and air, which is made of two kinds of gas, never will 
stay in any one place unless they are held by strong 
walls. I have seen you boys and girls sorry when you 
could not make your toy-balloons stand out again and 
go to the top of the room, new you know the reason 
why ; the mischievous air inside had found a little hole 
in the wall of the balloon, and the air outside helped 
its imprisoned brother to escape through this hole. 
Now, you are such little Yankees, you will be sure to 
ask me if this air and gas are so restless, and try so 
hard to get away from every place, why they do not 
fly from the earth altogether, and leave us without any 
thing to breathe, to burn, or to bubble. There is no 
wall outside the earth to keep them from going, no; 
but there is a queer something called “ arrraction ” 
that makes things fall down instead of up. Somebody 
found it out one day when he was sitting under an 
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apple-tree. I dare say you all know the story. It is 
this same ATTRACTION which keeps the air down to the 
earth, and does not let it fly away. How funny it 
would be to see boys’ caps, and balls, and even the 
boys themselves, go flying up into the sky! What is 
attraction ¢ I do not know; you sometimes get your 
knives magnetized, and then, when you put the knife 
near a nail, the nail comes right toward it. The force 
that draws the knife is one kind of arrracrion. The 
centre of the earth is something like the magnetized 
knife ; it makes every thing on the surface come tow- 
ard it, and keeps us all from flying away nobody knows 
where. So much for the gas that makes the yeast- 
bubbles. The next thing you will notice is the brown- 
ish color of the yeast. As it stands, it grows thicker and 


more muddy-looking, and, in the course of an hour or 


so, it begins to vase, as the cook says; the chemists call 
this rising FERMENTATION, and the Brotogists call it 
Growine. You will find that your spoonful has grown 
into a cupful running over. It is just as though a 
farmer should sow a handful of wheat, and, for every 
grain of wheat he sows, he finds a hundred grains in 
the harvest. So you sow the ‘yeast in the sugar and 
water, which is its soil, or nrpus, as the scientific men 
eall it, and you have all this harvest of new yeast. Per- 
haps you are ready now to understand why the profes- 
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sor began his lectures with yeast instead of an elephant 
ora monkey. The yeast is really alive, and it is one of 
the simplest forms of life of which we know; so, in 
order to study BioLoey, or the Science of Life, we be- 
gin at what seems to be the beginning. Now, where 
does this life stay in the yeast? You see, the yeast is 
not solid like wheat or corn, but liquid like milk or 
soup; but milk is not alive, you cannot sow it; nor will 
it grow and make more milk, else the milkmen would 
soon be finding it out, and what large crops of milk 
they would sow ! | 

All that I have described, you can see with your own 
eyes, but now I must begin to tell you something 
about the yeast which you could never find out with 
your eyes alone, sharp as they are. It is not liquid, like 
the milk, but contains a great many little solid bodies 
floating about in it, and so small that you cannot see 
them with the naked eye. They never would have 
been seen had it not been for the microscopr. The: 
word is made of two words, which mean “little” and 
“to view,” so this instrument makes little objects look 
many hundred times larger than they are; for instance, 
the dust which rubs off on your fingers from the butter- 
fly’s wing, looks as large as the feathers of a canary-bird. 
You must find out who invented the microscope, and 
save your pin-money till you get enough to buy one. 
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You can soon learn to use it, and it will give you more 
pleasure than all the toys in old Santa Claus’s pack, 
with his sled and reindeers thrown in. You can never 
get tired of it as you tire of toys, for it will always show 
you something new. ‘The first man who looked at yeast 
through a mricroscopx, saw these little bodies floating 
about, but he did not know at all what they were; he 
thought they might be bits of barley. Sometimes they 
are found quite alone (Figs. 1-3), but most frequently 


Rie. Fig. 2. Fia. 3. 
(O02 GOAL gs 


RounpD CELLS. LEMON-SHAPED CELLS. OUTER AND INNER SurR- 
FACE oF Sac. 


they are seen all joined together in groups, like boys 
and girls at play (Figs. 4, 5). Each one is about one 


Fig. 5. 
Fic. 4 


Group oF CELLS. Group oF CELLS. 


three-thousandth of an inch in size, that is, if you 


were to take a piece of an apple about an inch © 


CD 
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long, and divide it into three thousand equal pieces, 
each piece would be the size of one of these little solid 
bodies in the yeast. Some of them are even four 
times smaller—regular little Tom Thumbs! Though 
they are solid, yet we can see through them, just as we 
can see through glass, hence they are called TRANSPAR- 
ENT. Now you see why the yeast looks like a fluid, be- 
cause these bodies are so small and so clear, or TRANSPAR- 
ENT. Next I want you to notice their shape; they are 
always round, some of them not as round as your balls, 
more like a lemon; but none of them are square like a 
block, or flat like a three-cent piece. The cover of each 
one is double, that is, it has an outside and an inside, just 
as your ball-covers have an outer and an inner surface. 
When you look through the mrcroscorr, these two sur- 
faces look like two round lines—one within the other 
(Fig. 6). Inside these lines you will notice something 


Fie. 6. Fig. 8. 
4 


which looks like little grains (Fig. 7), and this whole 
cover, with all that is mside of it, is called a cELL. 
Now you must learn of what these cells are made. 
First, there is the outside part which is like a bag, or sae, 
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something like a ball-cover, if it were white and clear, 
or TRANSPARENT. This bag, or ball-cover, is tough and 
solid, and, instead of being filled with yarn or India- 
rubber, it is full of a soft, jelly-like substance, which is 
thick and brownish next the wall of the bag, but thin- 
ner and more transparent toward the centre (Fig. 8). 
This jelly is called proropLaAsm, which means jirst form, 
or mould, and the thin space in the centre is an air-cell, 
or VACUOLE (Fig. 9). If you color the yeast-cells, you 


Fig. 11. 
Fic. 9 
Yr So) 
Via 
YEAST-CELL, OR TORULA. Jelly stained, and the BROKEN CELL. 
a, Jelly, or PROTOPLASM; Sac clear. Sac clear, Jelly stained. 


b, Thin Space, or VACUOLE. 


can see the different parts much better, a drop of ma- 
genta will pass right through the sac without staining 
it at all; the cell-jelly, or proropLasm, will be quite red, 
and the thin spot, or vacuoLE, will not be colored, 
though it may look pinkish because you look at it 
through a layer of red jelly, or Pprorortasm (Figs. 10, 
11). Now, if the cell were all made of the same mate- 
rial, it would probably all be colored by the magenta. 
Chemists have found that this sac or ball-cover is made 
of the same materials as the cells of wood. It is called 
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CELLULOSE, and it is mixed with a little water and miv- 
ERAL MATTER to make the cell-wall. The cell-jelly, or 
PROTOPLASM, is made of water, PROTEIN, MINERAL MAT- 
vers, and fats. We know what all these things are, ex- 
cept the proretn. The water is made of two substances 
—HYDROGEN and oxyGEN; the CELLULOSE or woody 
fibre is made of three kinds of matter—carBon, HYDRO- 
GEN, and oxyGcEN; and the fat is made of carson, 
HYDROGEN, and oxyGEN. We know the protein con- 
tains CARBON, HYDROGEN, OXYGEN, and NITROGEN, with 
either SULPHUR or PHOSPHORUS—perhaps both. It is 
- very common, because it is found in all living matter ; 
there is no life without it, so it has been called “the 
foundation of life,” yet no one knows very much about 
it. When you begin to make experiments for your- 
selves, perhaps you can discover how it ismade. I want 
each one of you to remember this word “protein,” be- 
cause it is the name of the most important thing in 
your body. The word means jist or chief, and by-and- 
by I want to show you how it is something about this 
PROTEIN, or “ foundation of life,’ that makes one of the 
greatest differences between your body and your spoon-. 
ful of yeast. 

If you ask me what the carBon, oxYGEN, HYDRO- 
GEN, and NITROGEN are, I can tell you only that they 
belong to what are called the smene ELEMENTS, that 
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means, each of them is made of only one kind of mat- 
ter. Every substance in the world except the metals 
and minerals, such as gold, sulphur, etc., is made up of — 
two or more of these four sIMPLE ELEMENTS. CARBON 
comes from a word which means coal, and charcoal is 
one form of carson—the diamond is another. OxyeEn 
means a producer of acid ; it was so called, because it 
was supposed that it had a great power to make acids. 
It is the most abundant of all the elements, and 1t is so 
necessary to animal life, that it has been called “ vital 


” more than seven million tons of it is breathed 


air 5 
every day. Hyprocen means water-producer. Water 
is made of nyprRoGEN and oxyeEN. This is the light- 
est of all the elements, so that balloons are always filled 
with hydrogen gas. Nirrocen means the producer of 
nitre. It helps to make the air we breathe and the 
PROTEIN that we feed upon. Now that we have pointed 
out and named the different parts of each cell, and 
found out what they are all made of, let us see if we can 
discover the use of each part. First, the tough, woody 
sac seems to hold and protect the soft cell-jelly or pro- 
ToPLASM. The jelly, or rather the prorErn, which is 
the chief part of the jelly, is the substance which makes 
the cell alive. This is the first form of life of which 
we know—just a simple sac filled with prorery, which 
looks like the white of an egg. All the living things 
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of the earth begin to grow from such tiny cells. The 
little grains or GRANULES we find in the yeast-cells are 
probably the little bits of food which have been taken 
in, as we shall soon see. The thin space toward the 
centre seems to be a drop of watery fluid separated 
from the rest of the jelly, which you know contains a 
good deal of water. 

These yeast-cells have a very pretty name, so I think 
I will give it to you before I go any further. They 
are called roruL&£—a single one 1s a TORULA. The word 
means a little knobby swelling. You will see after 
a while how it comes to have this name. If you have 
followed me carefully—better still, if you have seen it 
all for yourselves under the microscopE—you know that 
the yeast-cells—toruLz—are alive and that they grow. 
Every thing that grows must have food ; you could not 
grow t6 be men or women without “ bread-and-butter.” 
Now, where does our knobby friend, the toruta, get 
its “bread-and-butter?” From the liquid in which 
it floats. What is this liquid? The greater part is 
water; so we might think we had found the original 
_ “cold-water doctor ”—the inventor of hydropathy ; yet, 
if you sow yeast in pure water, it will hardly grow at 
all. But if you put in ever so little sugar, it will 
smack its lips and froth and bubble considerably. It 
must be a regular little nomaopatu, because, if besides 
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the sugar you give it the least little bit of ammonta, 
MAGNESIA, LIME, and poTasH, it will thrive splendidly 
and grow like a little weed, only it does not grow in © 
the same way as the weed. The torus takes in its 
“little pills” and churns them into that “elixir of 
life” or PpRoTEIN, woody cells or cELLULosE and fat ; 
then if you watch carefully, you will see a whole lot of 
little buds coming out round the edges of the wall ; 
hence, the roruLa is really a lettle knobby swelling (Fig. 


Fig. 12. . 
Fic. 18. 


CELL AND ITs Bups. Tue BaBy ToRULZ GROUPED AROUND THEIR MOTHER. 


12). Some of the buds have other buds at their edges; 
all these buds are the little baby roruLa, and by-and-by 
they break away from the old mother Toruia, and go 
to house-keeping for themselves. They always pay 
visits back and forth, and sometimes build their houses 
right next the parental roof, in clusters like a pop-corn 
ball (Fig. 13), and at other times they build them in 
long rows like a chain, or a string of beads (Fig. 14). 
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And, if there isn’t room inside, they go outside, just as 
they did in the old buckwheat-jar. After all, Charley. 
was not so wrong, for these torule are the little spirits 
of the yeast. 

Of this you may be sure, every ToruLA has a mother. 
Topsy, you know, said “ she never was born, never had 
a mother,” that she just “growed up;” but Topsy was 
mistaken, so are the people mistaken who say that to- 


Fig. 14. 


CELLS LINKED TOGETHER IN CHAINS. 


RUL& just grow up. Poor Topsy did not know the sci- 
entific name for being born without a parent—the wise 
men call it sPONTANEOUS GENERATION. Some people 
have been trying to prove for two hundred years or 
more that these little specks of life can make themselves. 
I will tell you how you can prove that this is not true. 


Heat kills these little fellows; you know the cook has 


to be careful not to mix her bread with water that is too 
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hot, and not to let it stand too near the fire. Take two 
bottles and half fill them with sweetened water, or, what 
is better, “ Pasteur’s fluid,” * and sow just a drop or two 
of yeast in each, heat them both till they boil, and as 
they are cooling, cork them up with cotton, or “ cotton- 
wool,” as the English say. Let them stand for a few 
days, and there will be no signs of life in either, but if 
you place just one of the ToruLz into one of the bot- 


BoTrLe OF YEAST CORKED UP WITH Porous JAR CONTAINING YEAST, SHOWING 
CoTTON. HOW THE FLUIDS PASS IN AND OUT, 
BUT THE CELLS DO NOT. 


tles and cork it up again, the cell will begin to grow 
and multiply, or FERMENT, till the bottle bursts. The 
other bottle will remain perfectly quiet (Fig. 15); the 
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heat has killed all the rorut# that were inside, and the 
“ cotton-wool ” acts as a strainer, and will not allow any 
of these germs or cells which might be floating in the 
air to pass through it. I have seen bottles more than a 
year after they had been corked in this way, and yet 
there was no sign of bubbling or FERMENTATION in the 
fluid. If the cells could make themselves, surely, in 
such a bottle they have time and opportunity. Cotton 
is the best air-strainer that has ever been discovered ; if 
you are ever in a place where the air is filled with fine 
mineral dust or poisonous matter, you can prevent it 
from entering your lungs by breathing through a piece 
of cotton. Such a filter is called a rEsprrATor. Com- 
mon clay jars, like your mammas’ flower-pots, are also 
good filters for the yeast. These jars are full of tiny 
holes, or PporEs, too small to be seen. If you put some 
yeast in one of these porous jars, and set this one in a 
larger jar containing sweetened water, the yeast-fluid 
will pass out and the sweet-fluid will pass in; the two 
will thus mix together (Fig. 16), but there will be no 
bubbling or FERMENTATION in the outer jar, because the 
TORUL& cannot pass through the porss or little holes of 
the jar, the cells are so much larger than the holes. 
These little yeast-cells float about in the air, or lie 
asleep in any place where it is dry and comfortable, and 
never show that they are alive or awake till they are 
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planted in some nest, or nipus. When the cook dries 
her yeast-cakes, she puts all the little roruL# to sleep, 
and then they go into winter quarters, or Aibernate in - 
their cells like the bears in their caves, and some of 
them sleep longer than old Rip Van Winkle himself. 
There is another appearance of yeast about which I 
have not told you; if you let your cup of yeast stand 
long enough, and do not add any more sugar or water 
to it, you will notice that the bubbling or FERMENTATION 
stops, the toruLa cells settle to the bottom, and the 
fluid comes to the top. The fluid has a strong or biting 
instead of a sweet taste, like the fluid into which you 
first placed the yeast. The Fermentation has changed 
its nature—the TorvuLa, like so many little fairies with 
their wands, have turned the sugar into CARBONIC ACID, 
ALCOHOL, GLYCERINE, and succinic acrp. ‘These are 
called the PRODUCTS OF FERMENTATION. ‘The CARBONIC 
Acip, you know, passed off through the bubbles; the 
other products are still in the fluid. If you taste a lit- 
tle of this fluid it will make you merry, if you take 
much of it you will become intoxicated ; this is due to 
the AtcoHoL, and the value of yeast depends upon its 
power to make atconon. The distiller takes this fluid, 
and separates the aLconot by a process called pisTILLA- 
tion. If you had a rErort, you might distill some for 
yourselves. You may know that the fluid is arconon, 
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if, when you touch it with a lighted match, it burns 
with a blue flame. But you must be careful in making 
this experiment, as the internal-revenue officer might 
arrest you for alice distillation. I advise you never 
to drink the atconon which you or anybody else may 
distill, because it is very injurious. Now I have told 
you the ToruLA grows; it has life, but how does it grow 
—AS & MINERAL, a VEGETABLE, Or an ANIMAL? Minerals 
have a kind of growth, but the new matter which a 
mineral adds to itself is placed externally, not internally. 
The mineral grows larger and larger by additions made 
to its outside, as the snowballs get larger and larger 
when you roll them along the snow, or as candles be- 
come thicker and thicker as they are dipped into the 
melted tallow. This is called growth by accretion, 
but the roruta or yeast-cell grows by taking in new 
substance in among the particles of its old substance, and 
this kind of growth is called by a long name—mvs- 
suscEPTION. This is one of the reasons why it is not a 
mineral: is it an animal? The line that divides the 
animal from the vegetable kingdom is not very well 
‘marked, but there are two reasons why the TorvLa is 
not an animal. In the first place, its jelly or PRoto- 
PLASM is shut up in a close sac; you remember the 
tough, woody cELLULOosE that I compared to a ball-cover 


is the sac, but the PpRroropLasm-jelly of animal cells 
2 
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forms a wall of itself. In the second place, the TroruLA 


can make its own food, or PROTEIN, out of the raw ma- 
terial it finds in the liquid, while the animal-cells seem. 
to have no such power; they must have their prorem all 
ready made, and their work is to destroy it. So if the 
TORULA is not & MINERAL Nor aN ANIMAL, it must bea 
VEGETABLE. Vegetables are the MANUFACTURERS OY PRO- 
DUCERS of PROTEIN; animals are the DESTROYERS or CON- 
sumERS of it. This is why I asked you to remember 
PROTEIN: plants can make it, animals cannot, and this 
is one great difference between plants and animals or 
between you and your spoonful of yeast. And so you 
might call the VEGETABLE KINeGDoM Nature’s big kitchen, 
where the MINERAL KINGDOM is cooked and made ready 
to be eaten by the antmat xinepom. The vegetable- 
cells with their white sacs are the little cooks in white 
aprons ; how clean they are, and how fast they work! 
They are such intelligent little creatures, too, they 
never burn up the dinner nor let it sod, for they know 
just how to regulate the heat of their ovens. They 
do not spoil your digestion with pastry or confections, 
and they are so economical, that they never let a bit of 
any thing go to waste. If we had such cooks in our 
kitchens, we should never die of dyspepsia or poverty. 
Some plants have been noticed standing outside the ~ 
kitchen-door, catching flies, stray bits of meat, or any 
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ready-made food that comes in their way, eating with 
an appetite and digestion worthy of the fat boy in 
¢ Pickwick.” The Venus fly-trap not only traps the 
poor flies, but eats them; so it seems that some plants 
have the power of not only making, but of destroying 


- PROTEIN. 


You have now found out that the torvLa, or yeast- 
cell, is a plant and not an animal; the next question is, 
What kind of a plant isit? Mostly all plants need the 
sun, but the yeast-plant grows as well in the dark as in 
the light. Plants that need the light are always green ; 
they take in that poisonous gas, CARBoNIC AcrD, and 
give off oxygen; but the roruta has no green color, 
and it takes in oxyGEN and gives off so much CARBONIO 
Acip, that it is dangerous for people to walk over dis- 
tillery-vats while the toruL@ are working. GREEN 
PLANTS cannot live without this carBonic actp, but it 
poisons human beings. Those plants which give off car- 
BONIC ACID, grow wn the dark, and are not green, are called 
FuNGI. The mushrooms and toadstools are FUNGI. 

Now you will probably wish to know where the first 
TORULA came from—the great, great old GRANDMOTHER 
ToRULA Of all. Nobody knows; we can only say God 
made it; how he made it, no one can tell. Chemists 
know that it contains so much CARBON, HYDROGEN, 
OXYGEN, and nrrRoGEN, and a few other things; but 
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they cannot put these same things together again and 
make a TORULA; so, if you ask me what d¢fe is, I can- 
not tell you. Now, let us see how many things you 
have learned about yeast: First, that it 1s alive; second, © 
that it is a plant; third, that it is a FuNa@vus. 

And now, perhaps, you understand what my buck- 
wheat-cakes had to do with Science. : | 


CHAPTER II 


THE GREEN PLANT. 


All about the Chemists, Carpenters, Boatmen, and Ship-builders, that the 
_ Boys and Girls found working in the Old Rain-water Trough, and 
upon the Old Palings and Stone-Walls. 


Unver the low eaves at the back of the house was 
a long, deep wooden trough for catching the rain that 
fell on the roof. The inside of it was all lined with a 
beautiful green, velvety mould; and, when there had 
been no rain for some time, the water, too, would turn 
a greenish color. We used to catch our little downy 
yellow ducks and put them in the trough to see them — 
swim, and often they would break off and eat the green 
mould with their curious shovel-bills. What this queer 
green stuff was, and how it came there, was another 
great mystery to us children. John declared it came 
down in the rain, just as the angle-worms that he used 
for fish-bait. Dick thought the fairies made it on pur- 
pose for the ducks. I must tell you that little ducks 
were Dick’s delight; so he thought every thing was 
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made for them. Let us see if either of the boys 
- guessed the truth. 

You probably have no trough in which you can find — 
this mould; but there is plenty. of it on old palings, 
stone-walls, and trunks of trees. That which grows 
on the top of old rain-water is a little different, and I 
will tell you of this difference by-and-by. Carefully 
scrape off a little of this mud or mould, and look at 
it under the microscope. You will find little bodies 
which look something like the yeast-plants— TorULz ; 
but you will see at once one great difference—these have 
color. Some are green, some are red, and others are 
red in the middle and green at the border (Figs. 17-20). 


1s Cobaal 7 @ Fie. 18. Fie. 19. Fig. 20. 


Movuup-CELt. GREEN MOoULD- Movuup-CELL with RED CENTRE AND 
CELL. RED CENTRE. GREEN BORDER. 


You will notice that this coloring is all inside the bag, 
and not in the wall of the bag itself, and sometimes, not 
often, you can see it in the form of little grains. Some 
of these bags or cells are about the size of the yeast- 
plants, most of them are much larger, and nearly all of 
them have around shape. The cell is made quite like 


THE GREEN PLANT. | 31 


the yeast-cell (Fig. 21); it has a woody or CELLULOSE 
sac, cell-jelly, or pRroropLasm, within the sac, sometimes 
a thin space, VACUOLE, and sometimes a little round 


Color . 


-- Jelly, or Proto- 
plasm. 


Broken CELL. 


spot which looks like a kernel, or nuctevs. If you 
press the cells lightly, the little sacs will burst, and the 
jelly-like protopLasm will flow out (Fig. 22). You can 
also color the cells with magenta, as you did the yeast 
or TORULZ; but, if you color them with iodine instead 
of magenta, you will notice that some of the jelly or 
PROTOPLASM gets blue. Now, iodine turns starch blue ; 
so it may be there are some starch-grains in these cells, 
but we do not know positively. These cells, too, like 
the yeast-cells, have an odd name of their own—proro- 
coceus. It means—jirst berry. Perhaps this name was 
given because these cells look like berries. I think you 
can remember it, because you have learned other names, 
which are just as long and hard, such as Yang-tse-Kiang 
and Brahmapootra ; besides, you see PRoTococcUS al- 
most every day, while probably none of you have ever 
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seen the rivers of China and India. I think now you 
are anxious to know about your prorococovs, or first 


berry, what I wanted to know about the mould in the ~ 


old trough. What makes it look green? You are 
wondering why it is not white, like the roruta#. This 
color comes from little grains, in the jelly, or PRoro- 
PLASM, called cHLoropHyL. ‘They are always found in 
plants which grow in the sunlight. The word cHLoro- 
puyL means green leaf. But the cuLtoropryt of plants 
is not always green, as you see in the PRorococcus- 
mould—it is sometimes red, and is found in the stem as 
well as in the leaf. But it was first discovered in the 
leaf, hence its name, green leaf, which is so very easy, 
it well help you to remember the long Greek name— 
cHLoropHyL. All the plants which contain these color- 
grains are called GREEN PLANTS. You remember, the 
colorless plants are called runa1. It is found that crEEn 
PLANTS must have the sunlight, whereas Funai, such as 
toadstools, grow in the dark. But what is the good of 
this dye-stuff, or cHLOROPHYL}; is it of any use, or is it 
there just to make the plant look pretty? It is of great 
use. Each grain is a very clever little chemist that 
works in the cell, which is his workshop, or LaBora- 
rory, and the sunlight is the fire by which he heats his 
CRUCIBLE, or melting-pot. Into this crucrBie he puts the 
poison-gas, CARBONIC ACID, that he gets from the air, and 
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- melts it up into carson and oxyGEN, keeps the carson 
to feed upon, and gives back the oxycen to the air 
again. Thus he works from sunrise to sunset; his 
hours are regulated by the sun instead of Congress and 
Parliament. You never hear of an “ eight-hour move- 
ment” or a “strike” among these “ colored” laborers. 
As soon as the sun goes down, they go to bed like hon- 
est workmen. During the night, while the coLororHyt- 
workers are asleep, the protococcus-cells give out cAR- 
BONIC ActD, and take in oxyGEN just like the ToruL#- 
cells. Hence, you see, to have growing plants in your 
room is healthy in the daytime, but not at night. 
Recent investigations would go to prove that the 
breathing of plants is similar to that of animals, dur- 
ing both day and night—that the breaking up of cAR- 
BONIC ACID, using the CARBON and giving off oxYGEN, is 
DIGESTION and not RESPIRATION. It has its seat in the 
‘CHLOROPHYL, and is active in the sunlight; while the 
RESPIRATION, the breathing in of oxyexEn and the breath- 
ing out of CARBONIC AcID, has its seat in the PROTEIN, — 
and is active at all times. 

You can, if you look long and carefully, see how the 
PRoTococcus or mould-cells grow, not like the yeast- 
cells, by giving out little buds around the edge, though , 
they do qnce in a while grow in this way, but mostly 
always the cell begins, like a little carpenter, to make a 
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partition-wall right through the middle of the old house 


(Fig. 23), and, when this wall is quite finished, the two 


halves move away from each other, and the carpenter 


Fig. 23. Fig. 24. 
, First Partition. 


1 


NN) .--Second Partition, 


| Partition-wall. 
‘“* FISSION” OF THE CELL. ONE CELL DIVIDED INTO FOUR. 

rounds off the sides and thus makes two new houses out 
of the old one. Sometimes they build two partitions 
(Fig. 24), and instead of two houses there are four. 
What ingenious workers they are, thus to make four 
new houses out of one old one! ‘They work so fast, 
too! The Chicago builders worked at the rate of one 
house an hour after the “great fire,” but the proro- 
coccus-builders can even outdo Chicago, for they have 
been known to build-one hundred thousand houses per 
minute, and that, too, in the winter-time when the 
ground was all covered with snow! The RED pRoTo- 
cocous, sometimes called “red snow,” which is found in 


the arctic regions and among the Alps, will cover hun- 


_ dreds of acres of ground with its little red roofs in 
almost ‘“‘no time.” There are many curious stories told 
about thisred snow. Ancient ignorance thought it was 


% 
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blood which was sprinkled down from heaven as a warn- 
ing for sins, and it caused as much terror as comets and 
eclipses, whereas it is an innocent pretty little plant. 
There is also a GREEN PROTococous which flourishes in 
the snow, and is called the “ GREEN-sNow” PLANT. The 
red and the green snow plants do not grow just in the 
same way as the prorococous of the trough or paling. 
The snow-carpenters divide the old house into a whole 
lot of little rooms (Fig. 25), then they burst the old 


Fig. 25. 


ON sqcrser Old Cell. 


1 ie Soe New Cells, or Rooms. 


_ SNow-CaRPENTERS DIVIDING THE OLD House into New Rooms 
BY CLEAVAGE. 
wall, and each one of these little rooms becomes a sep- 
arate mansion, and goes on doing the same thing for 
itself. This process of growing or building is called 
CLEAVAGE; the first kind is called Fisston, while the 
kind of growth of the yeast-plant is called sBupprna. 
You remember, I spoke of a difference between the 
mould on the sides and that in the water of the old 
trough. You see that the cells you are looking at do 
not move about under the microscope, but remain 
quietly where you place them. But, if you examine 
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some of the prorococcus that grows in old water, you 
will see the cells sculling about very fast like so many 
httle boats (Fig. 26). If your eyes and microscope are 


Fia. 26. 


PROTOPLASM. 


------Oars. 


-4-------Cell-jelly, or 
- -----=-Eye-spot. 


en ere Cell-wall. 


Boat, OR PEAR-SHAPED CELL. 


very good, you can see the two tiny oars by which the 
httle boatman guides his craft. There seem to be two 
kinds of boats—one small, green, and shaped like a 
pear; the others are larger, and more like the carpen- 
ters’ houses. The pear-shaped boats have often a little 
red window, or port-hole, which is called the “ eye- 
spot” (Fig. 27). If you watch long and carefully, you 
can sometimes see the boatman pull in his oars as if to 
rest (Fig. 28), and then, if you disturb or shake the 
water and put it in the sun, out go the oars again, run- 
ning faster than ever. They move at the rate of twelve 
times a second; while a watch is making one tick, they 
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make twelve strokes. If you put in a drop of iodine, it 
will stain the little fellows, and kill them, too; then 


Fie. 27. 


Protococctus-Boats. Protococcus, oR BEeRRY-BoAT, WITH 
OARS PULLED IN. 


you can see how they are made. The pear-shaped cells 
do not have a tough ceLLuLose sac (Fig. 29); these in- 


Fie. 29. 


PEAR-SHAPED CELL WITHOUT A SAC, OR THE BOATMAN WITHOUT A Boat. 


dependent little sailors seem to jump out of the boats 
entirely, and go swimming about quite naked in the 
water. Perhaps they are recruiting their health by 
sea-bathing. After they have thus bathed to their 
hearts’ content, they retire quietly to the sands, and 
dress themselves again; that is, each one builds about 
himself a new wall, or boat, in which he rests till he 
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wants another dip. When they lay aside this cell-wall, 
or boat, they are in the same condition as animal-cells. 
You remember, I gave the sac\as one of the differences 
between vegetables and animals. It would be strange 
if these little creatures, like the fairies, could turn into | 
plants or animals as they please. The larger kind try 
to be more respectable, and stay in their boats in a dig- 
nified and proper manner. After they are killed by 
the iodine, you can see where the little oars are pushed 
through the row-locks in the sides of the boat. These 
oars are called cra, a Latin word which means eye- 
lashes. When the little sailors are getting tired, and 
just before they die, you can see these eyelash oars 
very well, they move so slowly; but, when the sailors 
anes strong,” and the day is sunny, the oars go so fast 
you cannot see them. No Oxford or Columbia crew 
can begin to pull with these Prorococcus boatmen. 
They are not only very good rowers, but they are good 
builders, too; for you often see them breaking up the 
old boats by cLEAVAGE and Fission, Just as the carpen- 
ters break up the old houses. The mould that grows 
on old wood and stones is called stitL PRoTOCOCOUS ;, that 
which moves about by oars is called MovINe PROTOCOC- 
cus. Thus we have followed our quaint little friend, 
the protococcus, through all his trades: chemist, car- 
penter, boatman, and ship-builder. Now, I am sure, 
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you will never pass by an old fence or a pool of green 
water without thinking of the wonderful little artisans 
that are working there. When I watched the ducks 
swimming in.the old trough, little did I think of the 
noiseless hands and hammers that were building up 
those green walls, or of the unseen and unnumbered 
fleet of boats sculling through the water. 


CHAPTER III. 
THE FLOWERING PLANT. 


Or the Boys and Girls learning how to “ know Beans,” assisted by “ Jack 
the Giant-Killer.” 


I rEMEMBER something about a story called “ Jack 
and the Beanstalk,” “Jack the Giant-Killer,’ or some 
such name. At least, I know there were a bean, a boy, 
and a giant, in the story, and that the bean and the boy 
together caused the death of the giant, and I think the 
old giant’s name was Ignorance. We will make be- 
lieve it was, anyway, for it is time the old monster were 
dead ; he has always kept boys and girls from learning 
any thing, especially about science; and now that he is 
out of our way, I want to tell you how much there is 
for you to learn about the bean. 

The first thing that Jack did was to plant a bean, and 
that is just what I want you to do; but before you put 
it into the ground, you must take a good look at it in- 
side and out. A bean is a very common thing; every- 
body knows it, and yet nobody really “knows beans.” 
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First you will notice its shape—all are not the same— 
some are flat, others almost round, and others kidney- 
shaped. This is the common white bean, which is lon- 
ger than it is broad, with rounded surface (Fig. 30). 


Fie. 30. 


WHITE BEAN. BEAN TURNED EDGEWISE, SHOWING LITTLE GATE. 


One side is slightly curved inward like a kidney, and at 
one end is a long black scar called the uum; it shows 
where the bean was fastened to the pod. ‘Toward the 
dented side of the bean, and quite close to the black 
scar, is a little opening called the micropyze (Fig. 31), 
which means little gate, and it leads into the inside of . 
the bean-seed. In order to see the other parts well, it 
is best to soak a few beans in a little water to soften 
them. First there is a white outer covering. or great- 
coat, which is very tough, almost like leather, and this is 
called the rmsta, which means shell or cover ; under this 
is a thick, white substance, which, by pressing a little, 
splits lengthwise into two equal halves (Fig. 32). These 
are called coryLEeDons, because they form a little cup to 


is ae BOYS AND GIRLS IN BIOLOGY. 


hold something. This something you will find at the 
inner curve or dent of the bean—a little yellowish-white 
thing, that looks like a worm coiled up (Fig. 32). This 
is the germ, the part which grows up and makes the bean. 


Fig. 82. 


Little Feather, or (Me 


PLUMULE. f ie UD 
Little Root, or ' 


RADICLE. Cup-Leaf, or 


& CoTYLEDON. 


Tue Two LEAVES WHICH FORM THE Cup, OR COTYLEDON, OF THE BEAN. 


It must be very important, because Nature has taken 
such pains to wrap it up in a great-coat, and give it 
such a nice bed to lie in. I heard of some people who 
threw away a whole crop of beans, because they thought 
these little germs were worms. That must have been 
before the old giant Ignorance was killed. The germs 
are really worth looking at, they are so prettily made; 
the top curls inward, and looks like a little feather 
(Fig. 82); so it is called the “ pLumuLE,”’ which means 
little feather. The bottom is pointed like a little root, 
and is called the rapicix, that is, little root. This is 
all you can see till the bean begins to grow. Jack put 
his bean into the ground, but if you put yours into a 
glass of water it will grow quite as well. Plants will 
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grow in water, if you give them the salts or mineral 
matters they find in the earth. The ground is the best 
soil for plants, because it already contains the fuod they 
need ; besides, it forms a firm foundation for the roots. 
First, the bean begins to swell out and get larger, from 
the water which it takes in, and if you watch the mr 
CROPYLE, or little gate, carefully, you will see the pointed 
end of the RApici£, or little root, pushing downward 
through this little gate. It is very curious that the root 
never points upward ; if you plant a seed with the gate 
upward, the root will always turn down as soon as it 
gets out. The end is made pointed, no doubt, so as to 
force or bore its way through the hard ground. When 
people plant seeds, they make the ground soft like 
powder, so that the little tender roots shall not have 
such a hard time of it at first. The bean keeps on 
drinking and drinking more than one and one-half 
time its weight of water, till finally its great-coat gets 
so tight that it bursts and falls off, then the two coryLE- 
DONS, or cups, spread apart (Iig. 33), and the pLumuLE, 
or little feather, appears, lifting its head above the 
ground or water, and puts out two tiny leaves. If you 
measure the germ now from the end of the leaf to the 
end of the ravicty, or little root, you will find it much 
longer and thicker than it was at first; it has grown 
very fast, and you know nothing can grow without 
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food. Now, where did the germ get its food? For 
such a little creature, it is the best manager I know of : 
it seems to understand that it is going ona long and 
dangerous journey, so it packs up plenty of food in its 


Fig. 33. 


Cup-Leaf, or CoTyLEDoN. 


Little Feather, or 
PLUMULE. 


Little Root, or 
RADICLE. 


THE BEAN AFTER IT HAS BURST ITS SHELL, OR TESTA, 


two cups, and then nestles down to sleep between them, 
all nice and warm, never bothering itself about any 
thing till it begins to feel the water and air creeping in 
around its bed. This is the sign for it to be up and 
doing, and, like an experienced traveler, it first fortifies 
itself by a good breakfast. The cups, or coryLEDONs, 
are packed full of starch, but the germ will not eat 
starch, it prefers sugar. Why, then, did it not pack 
up sugar instead of starch for its journey? Because 
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the starch will keep better (it is said to keep for cen- 
turies), and it takes up less room. Here again our lit- 
tle friend proves itself a good traveler; it does not 
carry much luggage. It isa great deal easier to turn 
the starch into sugar as it is needed than it 1s to carry 


Fia. 34. 
Bud at Top of Plumule. 


Rootlets. 
Tur LittLE PLUME GROWING UP INTO STEM AND LEAVES, AND THE RADICLE GROW- 
ING DOWN INTO Root AND ROOTLETS. 


the sugar ready made. The bean, like a boy, has a 
“sweet tooth,” and it lives on sugar till it gets large 
enough and strong enough to find other things to eat 
in the ground or water. The young plant, thus feeding 
on the food in the seed-leaves or COTYLEDONS, is another 
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| proot that plants do not always make their pRorErn out 
of the raw material. The plant begins its life by using 
food prepared for it by its parent. Dr. Hooker sug- 
gests that plants, like the Venus fly-trap, simply keep 
up this habit of childhood, and keep on eating ready- 
made food throughout their whole life. Between the 
first-opened leaves of the pLuMULE, or little feather, you 
can see a tiny bud (Fig. 34) or growing point, which 
rapidly lifts itself up into the air and becomes the stem, 
giving off buds to form new leaves. ‘The points of the 
stem where the leaves come out are called noprs (from 
a Latin word, which means a knot or swelling), and the 
spaces between the nopgs are called -1nTERNODES, which 
means between knots (Fig. 85). Each nops, or knot, gives 
off one leaf, and the leaves are said to ALTERNATE, be- 
cause they are placed on opposite sides of the stem, 
but not opposite each other (Fig. 35). Between the 
leaf and the stem other buds appear, and these produce 
new stems or branches. Some of the buds, instead of 
turning into leaves, open out into flowers. ‘The part 
of the young plant which lies below the ground is 
called the root; it tapers to a point, contains no dye- 
stuff, or CHLOROPHYL, and, instead of buds, little tiny 
roots called “RooTLETs” grow out from its sides (Fig. 35). 
It is through these rootters that the plant is fed, but 
how does the food get in? The outside is quite hard, 
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and you can see no openings, but each RoorLer ends in 
a soft, little, spongy knob called a sponeioLE, which 


Fig. 35. 


Internode. 


Cotyledon 


sucks the juices from the ground, just asa sponge drinks 
up water. You can see the sPponGIo.Es, or little sponges, 
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very well in the duchk-weed (Fig. 36), a tiny plant 
which floats on the surface of ponds. The food which 
they take up is made of water, Ammonza, or hartshorn, 
and mineral matters; all the different parts of the 
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plant, its leaves and flowers, are made by these simple 
things. The little sponges, or sponaiotes, have such 
dainty appetites, they know just what to sip, and if they 
cannot get it close at hand they search till they find 
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it. The fluid passes through the little mouths of the 
sponges into small tubes, or pucts, which carry it up the 
root and stem to the leaves. If you cut a very, very 
thin slice lengthwise of the stem, and put it under the 
microscope, you will see these vessels plainly, because 
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their walls are all dotted (Fig. 87). There are other 
tubes in the stem, very curiously made, for carrying air. 
They seem to be filled with little coiled springs, which 
keep the sides from coming together, just as you may 
have noticed India-rubber gas-tubing, which has coiled 


wire inside to keep the tube open (Fig. 38). Some of 
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these tubes unite in a bundle, and leave the stem at the 
nopEs, or knots, and they form what is called the “ px- 
TIOLE,” or “little foot-stalk,” of the leaf (Fig. 39). 
Again, the tubes of the foot-stalk pass off at the sides, 
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and spread themselves out into a net-work, which 
forms a skeleton or framework to support the leaf. 
Each perroi#, or foot-stalk, gives off from four to six of 
those little leaves, or LEAFLETS (Fig. 40), but at the end 


he" a 


THE FLOWERING PLANT. al 


of the stalk there is no LEAFLET, but instead a curious 
thread-like body (Fig. 40), which in some beans grows 
very, long and helps them to climb. This thread is 
called a TENDRIL, or holder. At the base of the leaf- 
stalk, at each side, is a leaf-like part called a srpuLE 
(Fig. 40). The two strpuLes protect the leaf-bud before 
it opens. They usually wither away and look like 
straws, hence their name ; but in the pea they are very 
large, much larger than the tearters. If you look on 
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the under side of the LEAFLETS, you will see a central 
ridge much larger than the others, and this is called the 
MipRiB, or backbone, of the leaf. The branches going 
off from its sides are called vers, and these and the 
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mipris are called the skretEeron of the leaf. Over this 
skeleton or framework is spread the soft part of the 
leaf, the PARENCHYMA (Tig. 41), which is made of small 
green cells, very like those which form the prorococcus 
or green mould. These soft, green cells, like the other 
parts of the plant, are protected by a thin skin (Fig. 41) 
called EPIDERMIS, which means upper skin. If you 
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strip off a piece of this thin outer skin, and put it 
under the microscope, you will find that the cells con- 
tain no color-grains, or cHLoRopHYL. ‘They are very 
large, with wavy edges, which fit with one another 
(Fig. 42). Here and there in*the thin outer skin, es- 
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pecially on the under side of the leaf, are little open- 


ings (Fig. 49) called stomatTres, which means mouths; 


each mouth has an upper and lower lip, formed of two 
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kidney-shaped cells containing cHLoropHyL, and they 
open and close to allow cargBonic acrip from the air to 
pass in, and the oxyemn and water to pass out. The 
little sponges at the roots drink up more water than the 
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plant keeps, so this extra water passes off through the 
stoMATES, or little mouths, of the leaves. Each little 
green cell of the leaf is like the LaBoratory of the 
pRotococcus, where the chemist splits the caRBoNIC ACID 
into CARBON and oxyGEN, keeping the cargon, but send- 
ing out the oxyeEen through the mouths, or stomatEs. 
This passage of gases, fluids, and minerals, through and 
into the plant, is what is meant by the breathing and 
digestion of plants. Now we will take a look at the 
flower ; it too has a foot-stalk, called a prpUNCLE, or lit- 
tle foot, by which it is fastened to the stem (Fig. 48). 


Fig. 44. 


The Five Leaves, or SEPALS, 
of Cup. 


Tue FLower-Cop, or CAtyx, oF BEAN. 


Counting from the outside of the flower inward, you 
will come to four different-sets of things, arranged in 
circles, or whorls. First, outside is a pretty green. cup 


with five points on its edge (Fig. 44); this cup is called — 
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the caLyx, which means cup, and the five points show 
that it is made up of five leaves joined together by 
their edges: each leaf is called a sepat. Within this 
pointed cup is the showy, scented part of the flower 
called the corotia, which means Jitile crown ; it is the 
crowning part of the flower (Fig. 45). At first it looks 
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as if you could not understand how this crown is made, 
but, if you take pains and do not get out of patience, it 
will come out all nicely into five pieces, and each piece 
is called a pera (from the Greek petalon, which means 
a leaf). On the upper or porsat side of the flower, 
next the stem, is one large pura or crown-leaf folded 
over the rest, with its top all spread out (Fig. 46). It 
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has a long, hard name, vextttum, which you can easily 


remember because it means jag. ‘The bean is very 
patriotic, it carriesits banner with it wherever it goes. I 
suppose the English boys call this Hag the “ Union Jack ;” 
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you, perhaps, will call yours the “Stars and Stripes,” 
but I never heard of beans carrying their banners into 
battle. The sides of the crown are made of two leaves, 
called the at#, or wings (Fig. 47). They are formed 
somewhat like the wings of birds. The next two co- 
ROLLA, or crown-leaves, are odd shaped, and look at first 
sight like one, because they are so closely joined. The 
two together look quite like the keel or bottom of a ship, 
so they are called the carina, or keel (Fig. 48). This 
COROLLA, or crown of the flower, is one of the queerest in 
the world ; indeed, it looks more like a butterfly than a 
flower. Inside the corotya, or crown, we come to the 
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third whorl, made up of ten little stalks, with knobs at 
their ends like walking-sticks (Fig. 49). These are the 
STAMENS, and five of them are shorter than the others, 
as if two rows of five each were joined in one. The 
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word stamEN means a thread. The slender stalk of the 
stamEN is called the FrnAmENT, or fine thread, and the 
knob on the end is the anruEr (lig. 50) (from the 
Greek anthos, a flower). The antaur, or knob, is such 
a curious little thing; it is divided into four chambers 
(Fig. 51), and each is filled with fine dust called rotten, 
because it is so like very fine flour (Fig. 52). I dare say 
you have wiped off some of this flour when you have 
put your noses into the cups of lilies. The bees carry 
some of this flour home on their hind-legs, and bake it 
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into bee-bread, which they feed upon all winter. I 

don’t know of any thing prettier under the microscope 
than the poten of different kinds of flowers. As soon 
as the flour becomes dry enough, these little knobs or — 
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flour-boxes burst and let it all out. Why, we shall see 
presently. The rmaments, or stems, of nine of the sta- 
MENS all join together into one bundle or brotherhood, 
and form a nice little tube (lig. 49); but one of them 
is a little “ secessionist,” he refuses to join the “ union.” 
Within this stem-tube is the fourth and last part of the 
flower, the pistit, a long, green body, with a pointed 
end full of strong hairs standing up like the tuft from 
the head of an Indian chief (Fig. 53). The first time I 
ever told acertain little girlabout the pistrx, she wanted 
to know if flowers could shoot ‘with their pistols. She 
did not know any thing about spelling then. The word — 
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PIsTIL means pestle, or mortar. The flower-pisrix is 
shaped somewhat like the druggist’s pestle, or mortar. 


Fig. 53. 
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The long, green body (Fig. 54), which forms the lower 
part of the pistiz, holds the eggs or young seeds, and so 
it is named the ovary, or egg-bag. The top of the egg- 
bag is drawn out into a curved, hollow tube (Hig. 54) 
called the styLEe (which comes from the Latin stylos, a 
column), and is capped by a soft, sticky, hairy knob, 
called the stiama, or mark. If you slit open this 
OVARY, or egg-pouch, you will find the young seeds, or 
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egos, fastened to its sides by small cords (Fig. 55). 
These eggs are called ovutxs, that is, little eggs. Each 
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little egg is well protected by two coats (Fig. 56). In 
the centre of each egg lies a group of cells called the 


kernel, or NuctEus (Fig. 56); but this nucuEus of the 
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seed is different from that of the ama@Ba and pRotococ- 
cus. The little gate, the micropy Les, leads through the 
coats into the nucLeus (Fig. 56). You recollect, I told 
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you about the ANTHER, or powder-box, bursting, and the 
flour, or POLLEN, coming out; well, some of this flour 
falls upon the little tuft of hairs at the top of the egg- 
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pouch, but very often bees and other insects get some 
of it on their legs and backs, and, as they fly from 
flower to flower, it thus reaches the hairy knob, or 
stiaMa. Just at this time the stiema is covered by a 
sugary fluid, and is very sticky, so the flour cannot roll 
off; the tuft of hairs also helps to catch and hold it. 
This dust, or Potten, loves sugar, and so we find it 
“ sitting on the style” making itself quite at home, and 
drinking all the syrup that comes in its way. It takes 
in so much, that its great-coat bursts, and then it grows 
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larger and pushes itself out in the form of a long tube 
(Fig. 57). This tube works its way down through the 
tube of the pistiz into the egg-bag, where it enters the 
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little gate of one of the eggs, and unites with the ker- 


nel, or NucLEvs, that we found in the centre of each egg. - 


After the potLen-dust from the dust-boxes of the sra- 
MENS has thus united with the kernel of the egg, inside 
the ege-pouch of the pistriz, the two together begin to 
grow, and form the little Germ that we found lying in 
the cup of the bean. And this is the way each young 
bean-plant is formed ; some of the flour enters the little 
gate and unites with the kernel of the egg, and the two 
grow together into one little plant, or Germ. The 
OVARY, or egg-bag, still keeps on growing, and forms 
what is called the Leaums, or pod, of the bean. The 
egos, too, grow larger, and as soon as the pod is ripe it 
splits open, and inside of it you will find beans just like 
those you planted. 
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And thus is finished the journey of the bean; here 
it lies safe and sound within its little cup, with the co- 
TYLEDonS all packed ready for a tour when the weather 
gets bright and warm in the spring-time. Now, what 
kind of a plant is the bean? Not a runeus, because it is 
green like prorococcus, and needs the sunshine, so it 
must be a GREEN PLANT; but it is different from Pproro- 
coccus, because it bears flowers, and the PRrorococcus 
does not: hence, we must not only call it a arEEn 
PLANT, but & FLOWERING PLANT. 

These are only a few of the many things there are 
to learn about a simple bean-stalk. Who would have 
thought that it took so much hard study just to “know 
beans ?” 


CHAPTER IV. 


THE HUMAN AND THE POND AMG@BA. 


What Wonders the Boys and Girls found in a Drop of Blood, and 
the Scum of Green Water; and how Blue-beard lost his Chance 
of becoming a Scientific Man. 


Or course, you all know the story of Blue-beard ; 
how he found out that poor Fatima had been to the 
closet where he murdered his wives, because the key 
was all stained with blood. Young folks have a strange 
fancy for “bloody stories,’ and they are mostly always 
afraid of blood, and so are a great many grown-up peo- 
ple. Now I am going to tell you not exactly a “ bloody 
story,” but a story about blood, and you need not be 
alarmed, for, before I finish, you will find there is noth- 
ing in blood to alarm any one, but a great deal that is 
useful, curious, and beautiful. Boys are always cutting 
their fingers or getting bloody noses, but you need not | 
wait for such an occasion, nor need you turn Blue- 
beards in order to find some blood for examination. 
If you prick your finger ever so little with a needle and 
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then squeeze out-a drop of blood, you can see in it all 
that I shall describe. Placing this drop of blood under 
the microscope, you will find a whole cluster of little 
reddish-looking bodies (Fig. 58), and among these a 
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number of larger, clear or transparent bodies, which 
look like splashes of light-colored jelly (Fig. 58). It is 
about these jelly-like bodies I am going to tell you. If 
you keep your eye on one of them, you will see that it 
continually changes its form, and that it has a slow, 
crawling kind of motion. And, if you try to make a 
drawing of it on paper at different times, your picture 
will never be twice alike (Figs. 59, 60). It puts out 
something from one side which looks like a foot; then 
it will draw in this foot and put out another at the 
other side, as if trying to find a soft place to walk upon. 
Sometimes it puts out several of these at one time. 
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This little jelly-splash appears to use its feet as we use 
ours to walk with, though you will see that it gets on 
quite slowly and awkwardly. Its foot is called a psEv- © 
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popopium (Fig. 61), which means false-foot. These 
little bodies have a very suitable name—ama@sa, and 
the word means changing. This name was given to 
them because, as you have seen, they are constantly 
changing their form. The Aama@pa, or blood-cell, is 
larger than the ToruLA, or yeast-cell, and not quite so 
large as the largest cell of the PRorococous, or green 
mould. It is usually about 51,5 of an inch in breadth. 
It does not possess a tough, woody, or CELLULOSE sac, 
like the yeast-cells or the prorococcus-houses; it is more 
like the moving Prorococous-boatmen. Its wall is just 
the hardened outer layer of its own jelly, or PrRo- 
TOPLASM. It has no vAcuoLE, or thin space; no eye- 
spot; no oma, or eyelashes; and, when it is quite 
fresh and new, you cannot see any NucLEvs, or kernel ; 
you really can see nothing but an odd-looking lump 
with here and there some little grains inside of it. If 
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you give it a drop of weak vinegar, or ACETIC AcID, its 
GRANULES will disappear, and you can see the NUCLEUS, 
or kernel, in the centre (Figs. 62, 63); you may find 
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it easily if you color the cell with magenta or weak 
iodine. This nuctEus seems to have something to 
do with forming of new cells, as we shall soon 
see. 

Heat makes the Aamapa move much quicker; it is 
very interesting to watch them make their way among 
the colored cells, which lie all around them. Some- 
times one of these crawling cells will clear a channel 
for itself right through a thick group of the yellowish- 
red cells (Fig. 64). The first time I ever saw one mov- 
ing in this way, I could not help thinking of the canals 
in Venice, where the gondoliers steer their gondolas 
close beside the houses, turning the corners so skill- 
fully, never striking them; so this little gondolier of 
the blood went in and out, threading its way among the 
yellow cells which stood in rows like houses on either 
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side of the channel. There is one great difference, 
though: in Venice the gondolier has nothing to do but 
row along the canals which are made for him; but the - 
amoeba-gondolier has to make his way as hé goes. No 
‘wonder you open your eyes. It is enough to open any 
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one’s eyes, to think of the thousands of these odd creat- 
ures that go half creeping, half walking through one’s 
veins. You know, people sometimes talk about their 
“blood crawling,’ but very few people know how it 
crawls. But queer and even awful as these little fel- 
lows seem to be, they are really among our very best ~ 
friends, and the more we know about them the better. 
They belong to the kind of folks that improve upon 
acquaintance. A great deal has been learned about 
them during the last few years, and there is a great 
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deal more yet to be learned, so you must all try 
to see what you can find out about them by your 
own experiments. The red blood-cells are consid- 
ered of more importance than the white, because 
they make the blood good and rich; but we cannot 
study about them just now. If you make the amaza 
hot, they pull in all their little feet and become per- 
fectly white and still; nothing you can do will ever 
bring them back to life. The cells I have described are 
called HUMAN AM@BA, OF AMEBZ OF MAN. Those that — 
are found in the blood of other animals are somewhat 
different; but there is a kind of ama@Ba, or crawling 
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jelly, which grows in stagnant water, that has a greater 
difference. Take a little of the scum that rises on 
ponds in hot weather and put it under the microscope, 
and you will find Amaspaz of a much larger size, from 
zty to zy Of an inch in diameter (Fig. 65), moving 
about by the same kind of queer-looking feet (Tig. 66), 
But the edge, or border, does not look at all the same. 
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First, on the outside, you see a clear, glassy-looking 
rim; inside of this is a thicker, darker ring, filled with fq 
GRANULES, or little grains (Fig. 67). The centre of - | 
the cell is quite clear, and contains a vAcuoLE, or thin | 
space, like that which you saw in the toruta. The | 
outer border is called the EctosArc, which means. outer 
flesh; the inner is the ENDosaRc, or Inner flesh (Fig. 
67). In the clear outer flesh, or Ecrosarc, you will 
find the kernel, or nuctEvs, a roundish, solid-looking 
little body, which does not change its form. If you 
look attentively, you will see a little, round, clear space 
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in the outer flesh, or Ectosarc (Fig. 67), which has a 
movement something like the beating of the heart. In- ~ 
deed, by some it is thought to be the simplest form or 
beginning of a heart. It is called by a long name—the 
‘CONTRACTILE VESICLE, OR SPACE;” but all ama@pa do 
not have a heart, nor do they all have a kernel, or 
nucLEus. This “ conTRACTILE sPAcz,” or heart, is very 
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important, because it seems to be doing a work of its 
own. ‘This is the first time we have found one part of 
a cell doing something different from another part. In 
the yeast and mould the proropiasm-jelly is “ maid-of- 
all-work ;” it does every thing—bakes, brews, builds, 
and “tends baby,” too; but the AamaBa seems to be 
looking up in the world and trying to pattern after 
those establishments which support a separate servant 
for each kind of work. Inside some of these pond 
AMa@B& you will often find green prorococcus-cells, 
DIATOMS, and pDESMIDs, and other cells smaller than the 
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amceba-cell itself (Fig. 68). These it feeds upon, and, 
if you have patience to look long enough, you will ,see 
how it eats (Fig. 69). It has no particular mouth; the 
feet seem to taste of whatever comes in their way, and, 
if they like it, they grasp it and poke it in anywhere 
through the jelly, or prororptasm, which closes all 
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around it and at once begins to digest it, and all parts 
that cannot be used are poked out again. The cells 
that are swallowed are like so many jars of “ Ziebig’s 
Lixtract ;” all that the amasa has to do is to suck out 
the meat, or PROTEIN, and throw out the empty jar, or 
cell-wall. There is something you must remember 
about the ama@pa—it must have its food, or PROTEIN, 
ready made. It has no power, like the roruLA or PRO- 
Tococcts, to manufacture its own food from the raw 
material. So this little creature that goes crawling 
through our blood must be an animal! You recollect 
all VEGETABLES make prortetn, while all- animals eat it 
up. This little animal gets its full share—it is a per- 
fect little gourmand, taking in every thing that comes 
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in its way. The HuMAN AMa@B& seem to be more fas- 
tidious in their tastes and manners, they do not swal- 
low their food whole like the wild am@spz; but those 
of the frog and newt are regular little cannibals, and 
eat up their “ colored brethren” whenever they get the 
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chance, though, as I told you before, these “colored 
folks” are more important than the “white folks.” 
The feet, or pseuDopopr4, of the savage tribe (Fig. 70) 
are thicker and shorter than the feet of the civilized 
kind (Fig. 71). It is very curious to watch how a foot, 
Or PSEUDOPODIUM, is made, especially that of the pond- 
amapa. First, there is a little swelling or lifting up of 
the glassy rim, or rcrosarc (Fig. 72); as this swelling 
gets larger, some of the inner flesh, or ENDosarc, flows 
into it, carrying the little grains till the swelling be- 
comes quite filled (Fig. 73). Then the walking is. so 
funny; the feet do not act as the feet of other animals, 
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carrying the body above them; one stumpy foot is put 
out as far as it can reach (Fig. 74), then the body all 
runs into the foot; and another foot is stuck out from 
some other part, and away goes the body into this foot. 
This is the way it gets on; the feet actually swallowing 
the body! The toad sometimes swallows its old skin, 


but the amapa is the only animal I know which is 
4 
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“taken in” by its feet. How odd it would be if, as 
you walk along, you should suddenly disappear into 
your boots! If you crush the am@pa, you find no- 
trace of a tough sac, as you saw in the TorRULA or 
PROTOCOCCUS ; you can see the NucLEUS only, and that 
but for a little while. If you stain with magenta or 
zodineé, the whole substance becomes colored alike (Fig. 
75); if there were a sac, it would not be stained. The 
iodine does not give it a blue color, so there cannot be 
any starch in the amazpa. The new amass, or blood- 
cells, are made like the new Protococcr, or mould-cells, 
by Fission. You will first see two nucrxr, or kernels, | 
in one of the old cells. If you watch closely, you will 
see a partition (Fig. 76) going straight through the 
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body of the old cell between the two kernels—thus 
are formed two new cells, each within its own kernel, 
or NucLEUs—and these follow in the footsteps of their 
ancestors, making new kernels and new divisions. If 
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poor Fatima had known what you know, and had pos- 
sessed a microscope, she might have employed herself 
in examining the blood on the key, instead of waiting 
in fear and trembling for the return of her wicked 
husband. And perhaps even old Blue-beard himself, 
-under her teaching, might have become a useful scien- 
tific man. | 
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THE FRESH-WATER HYDRA. 


How the Lasso of the Indian is used by the Inhabitants of the Ponds and 
the Seas, and how the Boys and Girls may outdo Hercules. 


Have you ever heard of the twelve labors of Her- 
cules? You know Hercules was very strong, stronger 
even than the big giant Jack killed. When he was 
only eight years old, he squeezed to death two big 
snakes that came to eat him up. This was fine fun for 
Master Hercules, but his little brother aroused the 
whole house with frightful screams. When he became 
a man everybody was afraid of him, and many were 
jealous of him. One of his enemies thought to get 
rid of him by making him do twelve very hard things, 
such as killing wild beasts, monsters, and serpents. One 
of the serpents was called a uypra; it lived in Lake 
Lerna, and had fifty heads; as fast as these heads were 
cut off and smashed up, each grew again into two new 
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heads, so the more the snake was killed the faster it 
grew, and poor Hercules was in danger of being de- 
voured. At last he began to. burn the root of each 
head with a hot iron: this was a success, the head 
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never grew again, and Hercules triumphed over his 
enemies. 

Now I am going tell you about a hydra, but it is 
not such a monster as Hercules killed, nor need you go 
away to Greece to find it; you know boys, and girls 
too, sometimes love to wade in ditches and ponds in the 
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warm weather. Some of these days when you are thus 
wading, if you will take up a piece of the duck-weed 
you find in the water, you may see a number of slender, 
green, brown, or orange-colored things, about half an 
inch long, hanging down from the weed (Fig. 77). If 
you shake or touch them the least bit they will get 
sulky, and shrink all up against the stem (Fig. 77), look- 
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ing like little pouting lumps of jelly. Place your bits 
of weed in a glass of water, and put the glass in the 
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light, but not in the sun, in a few hours you will find 
many of these little creatures clinging to the side of the 
glass toward the window. They hold on to the glass by 
one end, and all around the other end, which is wider, 


are a number of long threads called rewractes hanging 


down gracefully in the water (Fig. 78). At first you 
might think them whiskers, as they grow out around 
the mouth; but renractE means a feeler, or holder, 
and with its TENTACLES you will see how our little friend 
feels and holds its food and carries it to its mouth, just 
as you use your fingers. These little animals are called 
HYDR#, because, if you cut them up into pieces, each 
piece will grow again as did the heads of the old Greek 
monster. If you look at the Hypra under the micro- 
scope, you will find all these parts (Fig. 78). First 


there is the part by which it holds on; it is round and 


hollow, something like the bottom of a fly’s foot, and it 


changes its size whenever the body of the Hypra 


changes its form. When the uypra is stretched out to 
its full length, the foot is smaller than the body, and, 
when the nypra shrinks back against the weed or glass, 
the foot is larger than the body. When it is stretched 
out, the body is round and hollow like a pipe-stem, or 
more like a very slender funnel, and the large opening 
surrounded by renractzs, or feelers, is the mouth (Fig. 
79). The nypRa’s TENTACLES are not all the same length, 
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and some of them are prettily colored, and each one has 
wavy knobs along its sides (Fig. 79). The bag, or body, 
of the nyprA is made of two coats; the outer coat is 
the ECTODERM, or outer skin, the other is the ENDODERM, 
or inner skin. The cells of the outer skin, in the green 
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HYDRA, contain color-grains, or CHLOROPHYL, which gives 
the green color. It is curious to see that the HYDRA 
makes its fingers (Fig. 80) as the Aama@Ba makes its feet, 
by pushing out its two coats, the EcTropERM, or outer 
skin, then the ENDODERM, or inner skin; but the uy- 
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pra never allows its fingers to swallow it, as the amaBaA 
is swallowed by its feet. When it is disturbed or 
frightened it seems to swallow its fingers, or puts them 
all into its mouth like a sulky child. It isa good deal 
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higher up in the world than the blood-cell, or amasa, 
for you remember the ama@pa had to eat with its feet. 
Then, too, the HyprA has a more aristocratic walk than 
the amapa. You can see it plant its foot firmly against 
the glass, then proudly bow its back and draw the rest — 
of its body up to the foot in the form of a loop, like 
the “ looping caterpillar” (Fig. 81). To be sure, it goes 
backward, but it is a great improvement on the crawl- 
Ing and creeping of the aAmasa; besides, it is a very 
good swimmer. You may often see it lift up its foot 
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and dash into the water in search of its food. It is one 
of the funniest things in the world to see the nypRa 
catch its prey. I remember, in my old geography, a 
picture of Indians catching: wild-horses with lassoes. 
The lasso isa long rope with a loop at the end, which 
the Indian skillfully throws over the horse’s head. So 
the uypra throws out its long, rope-like fingers, and 
catches little animals which are swimming near it. 
Sometimes it gets hold of things which are so strong, 
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they might tear the lassoes and get away again. But 
the nypRA has another weapon at hand. Some of the 
cells of the outer skin are oval, or egg-shaped, and if 
you look through their walls you will see what appears 
to be a long coiled thread with two hooks at its base, 
lying snugly within each of the cells (igs. 82, 83). 
These oval cells are called “‘ thread-cells,” and the ny- 
pRA has many thousand of them in its TENTACLES, or 
fingers. This thread, or spring, darts out of the cell. 
whenever the HypRA wants it, and sticks itself into the 


THE FRESH-WATER HYDRA. 83 


body of the prey like a sharp harpoon (Figs. 84, 85). If 
you examine the spring closely, you will find that it is 
only part of the cell, poked in like the finger of a glove 
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turned inward, and when the renracizs, or feelers, 
seize any thing, these glove-fingers all turn out again. 
Some of them are supposed to contain a poisonous Juice, 
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which stuns or kills their prey in an instant. There is an 
animal in the sea, the Porruaunsze MaAn-or-war, which 
is really a dangerous creature, it has so many of these 
sharp harpoons, which it throws at you if you touch it. 
-_ When the prey is benumbed or dead, the TENTACLES 
earry it to the mouth, and it passes down into the long 
tube, or body, of the nypra, where it is digested ; there 
is no separate stomach, only one cavity, which runs all 
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through the body and ends at the mouth. Along the ; 
outside of the body you will often see little buds, which | 
grow and give off other buds, so that the old nypra | 
looks like a regular branching tree (Fig. 86). These 
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buds, no doubt, make you think of something you have 
seen before, the BABy-roruL&. Yes, these are the BABy- 
HYDR&. Soon their long fingers, or TENTACLES, begin 
to grow, then they loose themselves from the old motx- 
ER-HYDRA and begin to fish for themselves. There are 
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other ways in which the BABy-HypR# are born, but you 
can study more about them when you become scientific 
men and women. If you find out all about the nypra, 
you will have done a harder and more useful work than 
that which Hercules did, when he killed the nypra with 
fifty heads that lived in Lake Lerna. 


CHAPTER VI. 


THE FRESH-WATER MUSSEL. 


How the Boys and Girls broke open the Mussel’s House, and what 
they found in his Two Rooms. 


One day, when I was playing “keep-house” with 
my brothers, we found we had no dishes, so we put our 
heads together to know what we should do. Finally, 
we agreed to go toa creek or brook that ran through 
the woods a long way off, and pick up some of the mus- 
sel or clam shells that lay upon the bank. We thought 
our ripe strawberries would look “ so sweet” against 
the white, shining shells. They are commonly called 
clam-shells, though the clam is a little different. We 
picked up a great many, washed them clean in the 
clear, running water, and put them in our baskets to 
carry home. Some of them were fastened together 
by such a nice little hinge, others were broken apart ; 
and we wondered what they were, how they came 
there, and if God made them just on purpose for 
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little dishes. By-and-by I found two of them joined 
together and buried in the mud, with just a little of 
the narrow end sticking up (Fig. 87). I pulled them 
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out, washed off the mud, and tried in vain to open 
them. The boys had to try a long time before they 
could pry them open, and then we saw something in- 
side that looked like a lump of slimy flesh; it actually 
moved, and, as we thought, opened its mouth to bite 
us. We were all frightened, and ran away as fast as 
possible to tell our mother. She laughed, and told us 
it was a harmless little creature; that the shell was its 
house, which it built for itself and carried about wher- 
ever it went. After that we used to find a great many 
of them whenever we went to the brook; but I always 
felt afraid they might bite, so I kept at a safe distance. 
It was only the other day that I learned what wonder- 
ful little animals these are that live in the mussel-shells, 
which, I used to think, were made for my dishes. I 
know you are curious to learn about them. At first 
you can see only the outside of the shell, or house; but, 
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I think I had better take you inside and give you a look 
at the little fellow himself before I describe his abode. 
He has not sent us an “at home,’ and the door is 
closed and barred; so we must be house-breakers for 
once, and go in by force without an invitation. The 
MUSSEL fastens his doors together by four little straps, 
and we must cut two of these before we can get in. If 
you will hold the small end of the shell toward you and 
the hinge upward (Figs. 88, 89), I will name the differ- 
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ent directions, and then you can better understand 
where the straps are fastened, and how the musszx lies 
in the shell. The small end toward you is called the 
back, or posrERIor end; the large end in front of you 


is called the front, or anterior end. ‘The upper-hinged 
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edge, which is nearly straight, is called the upper, or 
DORSAL BORDER; and the lower rounded edge is the 
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lower, Or VENTRAL BORDER. Then there are the two 
sides—one on your right hand, and the other on your 
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left; therefore one is named the right side, and the 
other the left. So, when you pick up the half of a 
MuSsSEL-Shell, you can always tell to which side it be- 
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longs, if you hold the small end toward you, and the 
hinge upward (Fig. 89). These four straps are fastened 
quite near the ends, close to the upper, or dorsal border 
—two on the right side and two on the left (Fig. 90). 
They are made of an elastic substance called muscxE, 
that stretches or lengthens when the animal wants to 
open its shell, and contracts, or shortens, when the 
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shell closes. Now, we are ready to break into the 
house, since we have found where the fastenings are. 
If you lay the musset down on his right side, the large 
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end will point toward you and the small end away from 
-you. Then, if you slip the edge of a thin-bladed knife 
in between the shells at the small end (keeping the 
knife close to the shell) and drawing it carefully tow- 
ard you, you will cut the two straps, or muscles, of the 
left side, and then you can lift up the left half of the 
shell, and you can also see where the straps have been 
fastened to the shell (Fig. 91). The muscle on the 
large or front end is called the ANTERIOR ADDUCTOR, 
and the one near the small back end the posTrERIor 
Appuctor. ‘They are called appuctors, because they 
bring to and keep together the sides of the shell; the 
word adductor comes from the Latin—ad, to; and duco, 
I lead. So the appuctor muscuxzs lead, or bring to, the 
mMussEL’s shells. After you lift the shell, you will see 
-a mass of slimy-looking substance; but this is not all. 
If you take hold of the yellowish edge toward your left 
hand, you will find that it lifts up as you lifted up the 
shell (Fig. 91). This edge seems to be the border, or 
trimming, of our little friend’s cloak, which is shaped 
quite like the shell; in fact, it lines the shell with its 
two halves. These halves are joined together on the 
upper or dorsal edge, and they are also united for a little 
distance on the venTRAL, or lower edge—at the back, or 
POSTERIOR end, so that you might call these two linings 
of the shell the mussrx’s blankets in which he lies; but 
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they are called the “mantie” (Fig. 91), and they make 
the musset look as though he were dressed in a long | 
oil-silk water-proof with a yellow border. This manTLE : 
is made of a thin skin which is almost transparent, 
looking much like oil-silk, only it is not quite so shiny. 
In the border are a number of tiny, elastic muscLEs, 
which hold the manriE fixed to the shell. In olden 
times people used to line the walls of their rooms with 
silken and velvet fabrics, called tapestry—some of it 
was all embroidered with beautiful pictures; one kind, 
called the Gobelin tapestry, is still made in Paris; when 
you go there, you .can see them making it. It would 
not be a bad idea to call this mManret the mussEL- 
TAPESTRY, because it lines the walls of the mussEL’s 
house. A brother of the mussrt, called the sca.uop, 
wears his pretty eyes in the border of his MANTLE. 
How funny it would be if your eyes were in the hem 
of your water-proofs and overcoats! The Mant e has 
two openings, and around these openings the edge of 
the MANTLE is fringed by strong hair-like processes 
called crn1a (Fig. 91), like the eyelash oars of the green” 
water-rowers, but shorter and stronger. The opening on 
the DoRSAL, or upper side, is small and oval, and it is 
called the porsaL stpHon—sz¢phon means a tube, or 
pipe, and after a while you will see why this name is 
given to the opening. The other opening is larger, and 
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reaches all around the front of the MANTLE to the place 
_ where the two halves are joined behind. This opening 
is called the veNTRAL sipHon (Fig. 91). It is the edge 
of this lower opening that you lift up to enter one of 
the chambers of the mussrL. He has but two rooms; 
and this one that you enter by the large lower opening, 
OF VENTRAL SIPHON, is the larger of the two. - This is 
the room in which the mussrt keeps his foot, which is 
the biggest part of him (Fig. 92). He must belong to 
the yellow-skinned race, for his foot is very yellow, and 
such an odd shape! more like a ploughshare than a foot, 
though the foot of the cockLE, another brother of the 
mussEL, looks like the foot of a fat baby. The toe of 
the foot is turned toward the anterior or front end of 
the shell (Fig. 92), and it bends downward a little tow- 
ard the lower venrrat border, the shape of your foot 
when you pull your heel back against your ankle. 
The foot contains elastic MuscLE in its walls, and, when 
our little friend gets tired of staying in one place, and 
wants a change of air or food, he uses these muscles to 
push his foot through his mantle by the veEnrraL 
sipHon (lig. 91), the large lower opening, and then 
out between the edges of the shell. Then he curves 
his foot and hooks it on to something, while he pulls 
the rest of his establishment after him; but, for the 
most part, the mussel is ‘not a traveler. He bores or 
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digs a hole with his foot, which he uses as a drill, or 
spade, and buries himself in the soft, warm mud, and 
enjoys himself immensely. I suppose this is what is” 
meant by being “as happy as a clam.” The clam is 
one of the mussEu’s cousins. He has an ingenious way 
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of making the hole in the mud large enough to hoid 
his shell. The foot is much smaller than the end of 
the shell; so he increases the size by filling his foot 
with water while he is digging. But the oddest thing 
of all about the foot is, that the ears lie in it. We 
thought it very odd to see the little blood-animal—the 
AMa@BA—eat with its foot. Imagine you stretching out 
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your toes to listen to what I am saying! The musseEn is 
not a “long-eared animal ;” indeed, its ears are so very 
small, that you can hardly see them with the naked 
eye. If you get a young MUSSEL ‘and look closely, 
you will find two little bags, called EAR-sacs, one in each 
side of the foot (Fig. 103). They are full of fluid, and | 
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in the fluid are some very little stones, called oronrrus, 
which keep up a trembling motion. ‘These little stones 
make the sounds stronger, just as the pebbles on the 
beach increase the sound of the waves. Though these 
ears are so small, they are very sharp; for, if you make 
.the least noise when the foot is out of the shell, the 
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MUSSEL Will pull it in instantly and shut its doors. Re- 
member we are still in the big chamber, and in the | 
same room, hanging down on each side of the foot, are | 
two striped-looking bodies, called eitus. (Fig. 98), one 
lying a little over the other. The two outer ones are | 
fastened above to the MANTLE (Figs. 93, 94), while the 
two inner ones are fastened at their top to the foot 
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(Figs. 93, 94), and are joined together behind, making a 
partition between the back-room and the large, family 
sitting-room in front. | | 

Each room, or chamber, has its doors. The door 
which leads from the front-room into the back-room 
lies in front of the hindmost muscle, the posTERIOR AD- 
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puctor, and the door which leads out of the back-room 
is the upper tube, or porsAL sipHon. This little back- 
room, OF DORSAL CHAMBER, which lies behind the inner 
GILLS, is also called the cLoAcAL CHAMBER, because it is 
the place where the intestinal tube empties. Croaca 
means a sewer, or drain. There is a very old one, 
which empties itself into the Tiber, at Rome, called 
the CroacA Maxma, for it is so large. When the 
water is low, you can see this great opening in the 
bank, and it looks like the mouth of a cave. Now, 
what is the use of the gills? Perhaps, if we try to see 


Fie. 95. 


[ 

ey 

7 
V 


V-snapep Gitu-PockeT.—TuE AREROW-HEADS POINT 1HE DIRECTION OF CURRENTS. 


= 


how they are made, we can find out what they do and 
what they are made for. ach aitx is a little pocket, 
shaped like the letter V (Fig. 95). If you look at the 
GILLS, you will see a number of strips, or lines, running 


up and down, and if you put a very small piece under 
#8 
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the microscope, you will find other stripes, or bars, go- 
ing crosswise (Fig. 96). These two sets of lines make 
a lattice-work, which forms the sides of the pocket, and 
over this lattice-like framework is stretched a thin skin, 
which is all filled with little blood-vessels. The open- 
ings of the lattice-work are all surrounded by very 
strong moving cit, or lashes (Fig. 96), like those we 
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saw around the two openings of the mantLE—the bor- 


SAL and VENTRAL stpHons. The cri, or lashes, are 


always moving, and as they work they lash the water 
through the openings of the lattice-work into the pock- 
ets of the aitis (Fig. 95), and out again by the door 
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which leads into the back-room, or DORSAL CHAMBER. 
Now, what is the use of the water, and why should it 
be kept in constant motion? The little blood-vessels in 
the skin of the pockets are full of bad blood, which 
comes to the aitts to be made pure; that is, to get 
OXYGEN, just as your blood must go to your lungs to 
get oxyeeN. Your lungs get oxyceNn from the air 
which you breathe in, aad they give out the bad air, or 
CARBONIC ACID, which comes out with your breath. The 
blood-vessels of the artis get their oxygen from the 
air in the water. They take it up as the water rushes 
over them, and give up the carzponic Aci which they 
do not need. So now you see why the lashes keep 
moving ; the blood-vessels in the cits must have fresh 
water continually, and the cima are like so many mill- 
ion little paddles, or fans, of a°windmill, that make a 
strong current inward through the gills, from the vEn- 
TRAL or front room, to the porsat or back room. The 
current of water rushes into the house of the mussel, by 
the large VENTRAL sipHon, or the lower opening. You 
know that this stpnon is fringed by strong hairs, or 
cit1A (Tig. 91), so they bring in the water from the out- 
side, and the hairs on the qitts carry it on. The citts 
are the mussel’s lungs, but he never has consumption 
or lung-disease, because he always supplies himself with 
plenty of fresh water. We have seen how the water 
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gets into the house, but how does it get out? It can- 
not go back by the large, lower opening, or VENTRAL 
sIPHON, because there is such a strong current of fresh 

water coming in; if it did start to go that way, the 
lashes, or crt1aA, would throw it back, because they are 
all sweeping the water inward. There must be some 
place to get it out, else our poor MussEL would soon die. 
The water from the e1tus passes through the door which 
opens from the front or VENTRAL CHAMBER, Into the 
DORSAL or upper back-chamber, and then out of the 
house by the porsan stpHon—the small upper tube. 
This back srpHon, or tube, is also fringed with strong 
hairs (ig. 91), and these sweep the current outward. 
These om, or lashes, around the openings, are known 
as the mussel’s beard. But all the water which enters 
the house does not go td the eitzs, the rest of it enters 
the mouth. Now, where is the mouth? It is quite a 
puzzle to find it, for the mussEn has no head, and hence 
has been called AcrkPHALOUs, which means headless. If 
you go into the big room, or VENTRAL CHAMBER, and 
look about carefully, you will find, just im front of the 
qitts, a small V-shaped flap (Figs. 92-103), which is 
joined to another one of the same shape on the other 
side, and between these two flaps you will discover a 
wide aperture, and this is the mouth (lig. 103). The two 
flaps are called LABraL Patps, or lip-feelers. The mussEL 
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has no TENTACLES, or threads, to lasso its food like the 
HYDRA; but its mouth is edged with ciz1a, which make 
the water move inward. This water is full of live lit- 
tle animals, which make delicious “ eatings ” for a hun- 
ory musseL. If you pass a bristle through the mouth, 
it will go upward toward the dorsal edge of the mussel, 
through a tube which opens into a squarish bag (Fig. 
97). The tube is called the @sopHacus, or meat-pipe ; 
it is sometimes called the gullet (Fig. 97). You have 
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one just behind your windpipe, and it leads from your 
mouth to your stomach ; but the mussel does not need 
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a windpipe, because it does not breathe air. The squar- 
ish bag is the stomach, and at the back part of this you 


can see the opening into a long, narrow tube, which is - 


the inrEstTINE. The intestine then leaves the stomach, 
and runs down into the foot (Fig. 97), where it seems 
to get bewildered, and after two turns passes out again, 
and goes up to the porsau edge of the body, runs right 
through the heart straight back to the cLoAcAL CHAMBER, 
where it ends by a small opening called the anus (Fig. 
97). The stomach and intestine pick out all the best 
part of the food that is in the water, and the waste 
part which the mussEL cannot use passes out of the 
ANus into the back-room, or CLOACAL CHAMBER, and 
is carried off by the current of water that is rushing 
out by the porsat stpnon. Now, we have followed the 
water which contains the air and food, into the mussEL 
and out again; one part of it goes through the large 
front-door, or VENTRAL sIpHoN, into the large front- 
room, OF VENTRAL CHAMAER, over the eiLzs through the 
middle door, which leads into the little back-room, or 
CLOACAL CHAMBER, while the rest of the water goes 
through the mouth, mrestrve, and anus, into the same 
little room, or cLoAcAL CHAMBER, and then both parts go 
out again through the little back-door, or DorsaL st- 
puon. Its journey is a long and useful one, for it gives 
life to the mussEL as it goes. If you wish to see it for 
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yourself, put a fresh unopened mussEL with the small 
end upward into a tumbler of water containing a little 
indigo, and the blue grains will show you the direction 
of the current. You can see the grains go in at the 
large and out at the small end (Fig. 98). I have spoken 
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of the hgart, through which the inrestinr passes. In 
order to see the heart well, you must get a fresh mussEL 
and lift him entirely out of his shell; but, before you 
can do this, you must cut all the straps, then, if you 
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still hold the animal with the straight DorsAL BORDER 
upward, you can see where the two halves of the man- 
TLE are joined together. Near the front you will notice 
a thin, transparent part of the mantle, and if you look 
through this spot you can see something beating. This 
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thin place forms the upper part of a sac—a cavity filled 
with fluid, and in this sac, surrounded by this fluid, lies 
the heart. This accounts for the beating. The sac, or 
bag, is called the PERIcaARDIUM, because it surrounds the 
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heart. Prrr means around, and KArpIA the heart. The 
MuUSSEL’s heart has three rooms, one at each side and 
one in the middle (Fig. 99). The side-rooms are called 
AURICLES, because in your heart they are ear-shaped, but 
in the mussE they are more like wings fastened to the 
central chamber. The central chamber is the vEn- 
TRICLE, but your heart has two VENTRICLES, which with 
the two Aurictes make four rooms. If you look care- 
fully while the heart is working, you can see that the 
ventricle, or middle-room, draws itself together and 
then swells out again; next, the two side-rooms, or Av- 
RICLES, draw themselves together and swell out, and, 
while they are swelling out, the venrrictEe begins to 
draw itself together again. This regular motion of the 
little rooms, the AuRICLES and VENTRICLES, is called the 
beating of the heart. If you count the beats, you find 


they are about fifteen in a minute, less than one- 


quarter as fast as yours. Why does the heart beat? In 
order to receive the blood and send it through the body, 
and the flowing of the blood through the body is called 
the circulation of the blood. When the middle-room, 
or VENTRICLE, closes or draws itself together, it sends: 
the blood into little tubes called Arrerres. ARTERY 
means air-container, or air-tube; for long ago, when 
doctors opened dead bodies, they found these tubes 
empty, and they supposed wrongly that they were filled 
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with air. It was afterward found out that they carried 
the blood from the heart. These arrerres carry the 
blood over all the body, and they get smaller and small- 
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er until they end in very tiny vessels called CAPILLARIES, 
because they are so fine—even finer than hairs. You 
may not know it, but every hair on your head is a hol- 
low tube. As the blood passes through these hair-like 
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tubes, or CAPILLARIES, it gives up to the body the pure 
oxyGEN and other good matters it contains, and receives 
the poisonous cARBoNIc AciD and waste part, and hence 
when it leaves the capiLLARiés it is bad (Fig..100), or 
what is called venous BLoop. When the blood leaves 
the fine hair-tubes, or capmLtaRies, it enters vessels 
called verns, and they carry the blood to the kidney, 
where some of the bad matters are strained off. It 
continues its journey, and now enters the eixts, and is 
spread out in a net-work of fine CAPILLARIES over the 
lattice-work of the ci.t-rockers (F ig. 96). There the 
blood gives off its cARBoNIC AcID and receives OXYGEN. 
Now it is pure again, and is carried by vessels and. 
poured into the two side-rooms,’ or AuRICLEs, of the 
heart (Fig. 100). The avricres close or draw themselves 
together, and force the blood through little folds, or 
VALVES, into the middleroom, or venrricte. The 
VALVES ‘do not allow the blood to return to the AuRIcLEs. 
The vEenTRIcLE draws itself together and sends the 
blood into the tubes called ArrTrrtes, to continue the 
same course, and, as the blood goes in this circle through 
the body, its course is called the ecrculation of the blood. 
But why do we not see the blood in these rooms pass- 
ing from the avricuxs into the VENTRICLE, for the walls 
are transparent ? If the blood were red like yours, you 
could see it moving along, but it has none of the red 


108 BOYS AND GIRLS IN BIOLOGY. 


cells which you saw in yours under the microscope. 
The blood of the mussreL is made of water and colorless 
cells, which move about quite like the HUMAN AMG@BZ&. | 
Below the heart-sac, or PERIcARDIUM, lie the kidneys: — 
they are also called the orcans of Bosanus, from the 
name of their discoverer. They have two chambers, an 
upper and a lower (Fig. 101). The upper one is clear 


Fig. 101. 


Door from Lower Kidney—leading 
into Heart-Bag. 


Heart-Bag. or Prri- 
CARDIUM, 


Upper Part of 
Kidney. 


Lower Partof _—s§s_»s§-«- B= = 
Kidney. ——_ 


Door from Upper Kidney into Front- 
Room, or Ventral Chamber. 


and transparent, and has a door which opens into the 
MUSSEL’S big room, or VENTRAL CHAMBER (Fig. 101). 
The lower chamber of the kidney is of a dark, choco- 
late color, and it has a door which opens into the heart- 
bag, or pERIcARDIuM (Fig. 101). It is in the dark, under 
part, where the blood which runs through the kidney is 
made pure (Fig. 102). Around the stomach lies a 
dark-brown-looking mass, and this is the liver. It 
makes or manufactures BILE, and pours it into the stom- 
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ach. JI wonder if the poor anopon (another name for 
the musseL, meaning toothless) ever gets bilious, and if 
his doctor makes him take “liver-pills?” He may not 


q am il Ha Hl i) 
lee a H i mal | ~ oe 


Ail 


: i 


ee SS | 
i 
| 


ee Tu | —— 
WC? 


! i iP 


suffer from béle, but I should not be surprised if he had 
nervous attacks like newralgia, he has so many nerves. 
At each side of his mouth, and at the base of the palps, 
is a little mass of yellow nerve-matter about the size of 
a pin-head (Fig. 103). Hach mass is called a GANGLION, 
which means a bunch, or swelling. The two bunches 
—GANGLIA—are united by a white nerve-cord, which 
forms 4 loop above the gullet, or esopHacus (Fig. 108). 
These “ bumps” are our friend’s braens, though he has 
no head to put them in. No doubt you all think it bet- 
ter to have brains without a head, than a head without 
brains. Another cord leads from each head-bump, or 
ganglion, down to the foot, where it joins another little 
mass of nerve-matter, one on each side of the front of 
the foot (Fig. 103). These are the prepa or foot Gan- 
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Guia, and they are larger than those of the head; ege- 
shaped and of a bright orange-color, so it is quite easy 
to discover them. Indeed, you might imagine the mus- 
sEL wore tight boots, and that these were his “ corns.” 
Each one gives off a nerve to the ear-bag, which you 
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know lies in the foot (Fig. 103). The brains, or nEAp- 
GANGLIA, give off cords, which run backward toward 
the hindmost strap, or POSTERIOR ADDUCTOR MUSCLE, be- 
low which they end in a pair of bunches, or ganglia, 
called the PpARTETO-sPLANCHNIC (Fig. 103), which means 
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the side of the bowel—the splanchnic nerve goes to the 
bowel. These give off nerves to the heart, stomach, 
liver, and kidneys. The mussEeL seems to be very ner- 
vous and sensitive, for the least touch or sound disturbs 
it and makes it close its shell. Now, I fancy you would 
like to hear about the little anopons, or the babies of 
this toothless animal. Well, there are plenty of them, 
for the mussEts are very old-fashioned sort of folks, and 
believe in large families; some of them have as many 
as one hundred and twenty thousand little ones in one 
season. These babies are the funniest little things you 
ever saw; you would never imagine they belonged to 
their parents. They do not resemble at first either 
father or mother mussEt. During the spring-time, if 
you look at the gill-pockets of the old mussEL, you will 


Fig. 104. Fic. 105. 
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find them perfectly filled with eggs. Each egg looks 
like a little short-necked bottle (Fig. 104). Here the 
little mussreis are hatched in the pockets of the gills, 
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like chickens in a nest. Each one has his own little 
MANTLE and shell, and the parts of the shell are three- 

cornered, and at one of the corners is a little hook or 

tooth (ig. 105). Hanging down from the shell are a | 
whole lot of fine threads called a byssus, because they 
look so much like fine flax, or hemp. This fine rope, or 
Byssus, is found only in the infants, they drop it when 
they grow up; but the salt-water mussets keep theirs all 
their life, and use it as a cable to anchor themselves to 
the rocks, and they can slip this anchor when they 
please and throw out a fresh one. Soon after the little 
ones are hatched they may be found all tangled up 
in masses, wound about with these fine, flaxy ropes, in- 
side the parent-shell; but they soon untangle them- 
selves and leave their mother’s house by the little back- 
door, or DORSAL sIPpHON, and they swim about by the 
flapping of the three-cornered parts of the shell. This 
looks like a very dangerous move of the mussEL, be- 
cause it is so very young to make its way in the world 
of waters. But they are knowing little fellows of their 
age, so, instead of “paddling their own canoe,” they 
jump on board the first boat that goes past, which hap- 
pens to be a fish, such as a stickleback or a roach, tak- 
ing first-class passage, for you always find them at the 
stern, or tail, of the fish, and they keep themselves from 
being washed overboard by hooking the little spines, or 
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teeth, of their shell into the deck (Fig. 106). While 
they are thus carried about by this water perambulator, 
they pass through many changes, and at last become 
exactly like their parents; then they leave the tail of 
the fish, and settle down in the mud for the rest of their 
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YounGa MUSSEL TRAVELING ON THE TAIL OF A FYSH. 


lives. The musseEt is the most ambitious of all the ani- 
mals we have yet examined; he makes an attempt to 
keep a servant for each kind of work, and he succeeds 
pretty well. As you have seen, he has musciEs, BLoop- 
VESSELS, NERVES, EARS, HEART, MOUTH, GULLET, STOMACH, 
INTESTINES, LIVER, and KipnEys. He lacks only a few 
things, such as head, eyes, teeth, backbone, etc., to lift 
him into a still higher class. All this we have learned 
about a little creature which looks at first sight like a 
mere bit of slimy flesh. The house itself is a very 
pretty piece of architecture ; I hardly know what style 
to call it. Its arches suggest the “early Roman.” It 
is sometimes called the skeleton—you remember the 
leaf of the bean had a skeleton; but the soft parts of 
the leaf le between and over the parts of the skeleton. 
The Mussew’s or Anopon’s skeleton lies outside its body, 
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and so it is called an Exo-skELETON. You, too, have a 
skeleton, or framework, but yours lies inside your body, 
with the soft parts outside, and so yours is called an- 
ENDO-SKELETON, or inside skeleton. In describing the 
animal himself, I pointed out the straight porsat and 
the curved ventral edges, also the large ANTERIOR and 
the pointed or smaller postrrIor ends. -Along the 
lower VENTRAL edge of each vALvE, or half of the shell, 
you will notice a rim that is softer than the rest of the 
shell. When we study how the shell is formed, we may 
find out why this part is soft. On the upper, or porsAL, 
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edge of each half-shell, or VALVE, is a clear, shining lit- 
tle knob called the umso (Fig. 107), because it stands 
out like the boss, or central part, of a shield. Behind 
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the shiny knobs—the umponEs—is an elastic band which 
lies between the two vALves, and joins them together, 
and hence it is called a tigament (Figs. 107, 108). This 


Fig. 108. 
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elastic band is always on the stretch when the appucror 
MuscLEs close the vatvezs, or folding-doors of the shell ; 
but, when these muscles are cut, the band springs back 
or shortens itself; thus the shells of dead musseEts al- 
ways stand open. The outside of the shell is covered 
by a kind of a skin, of a greenish-brown color, and this 
skin prevents the water from wetting the lime, of which 
the shell is made. All over the shell you can see lines, 
or arches, and these increase in size and number toward 
the lower, or VENTRAL, edge (Fig. 107). The upper lines 
seem to overlap the lower, and the shell becomes thin- 
ner at the venrratside. The inside of the shell is white 
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and shining, and this white substance is very useful; it 
is called ‘‘ mother-of-pearl,” and is made into knife-han- 


dles, buttons, and many kinds of ornaments. On the in- 


side of the valve you can see two three-cornered, or TRIAN- 
GULAR marks, where the posTERIoR and ANTERIOR ADDUC- 
TOR MUSCLES are fastened (ig. 108). These two marks 
are joined by a curved line, which shows where the 


muscles in the edge of the mantle are fastened (Fig. | 


108). From each appucror MUSCLE you can trace two 
faint lines, getting nearer and nearer together as they 
go toward the shiny knob, or umzo (Kig. 108). These 
lines show where the appucrors, or straps, used to be at- 
tached. You will understand how these marks are made 
when you see how the shell grows. At first the shell is 
just the size of the little mussEL, but as he grows he needs 
more covering, so he puts out another layer from the 
outside of his outer skin, or manrLe. This layer, like 
the first, gets hard from lime which fills up its openings. 
Its upper edge hes under the lower edge of the first 
layer, like the shingles or slates on the roof of a house, 
and this lapping makes the first rng which you see on 
the outside (Fig. 107). By-and-by the house gets too 
small again, and the third row of shingles is added to 
the roof, and so on till you come to the last row, which 
you find is soft. Now you know the reason why this is 
soft; it is the last layer, and is not yet filled with 
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lime. When any thing is made hard by lime, it is said 
to be CALCIFIED—CALCIuM is the chemical name for lime, 
so the last soft ring is said to be uNcALCIFIED, that is, 
not filled and hardened by lime. Now all these lines 
are called lines of growth (Fig. 107), because they show 
the age of the aAnopon, just as the rings of wood in the 
trunk of a tree show the age of the tree. When the 
young MUSSEL was away up under the little roof, close 
to the knob, or umpo, its straps, or ADDUCTOR MUSCLES, 
were fastened up there too, but, as it moved down and 
became larger, it had to move its muscles with it, so 
that it kept taking up and putting down the fastenings 


_ of the muscles whenever it made a move forward, and 


each fastening left a mark on the inside of the shell. 
So now you know how the triangular marking (Fig. 108) 
is made inside from the top to the bottom of the shell. 
You can make the same shaped marking in the sand, if 
you place your heels together and then step forward, 
placing your heels farther apart at each step. Where 
you start represents the umbo; where you stop repre- 
sents the bottom of the shell. So the little mussel 
steps forward, leaving the print of his straps as he goes. 

Some of the shells of the mussEn family grow to an 
immense size, weighing as many as six hundred pounds. 
When you go to Paris you can see a pair of clam-shells 
weighing five hundred pounds, which are used to hold 
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the holy water in the Church of Saint-Sulpice. Some of 
this family, living in the rivers of Scotland and Wales, 
and in the Persian Gulf, produce small, hard, shining, 
round, or egg-shaped bodies. Some of these lie on the 
inside of the shell, but the prettiest and largest are 
found inside the MANTLE near the straps, or ADDUCTOR 
muscLes. They are so bright and beautiful, that they 
are called jewels. You have often seen them and know 
their name, but perhaps you have never thought where 
they came from. People used to tell all sorts of stories 
about them. As wise a man as Pliny thought they 
were made out of the dew of heaven; others said they 
were drops of pure rain, which the mussEt opened his 
shell to receive. But science teaches that the heavenly 
pearls have a very earthly origin. The animal makes 
them by trying to heal a wound in his body, or to rid 
himself of a foreign substance that gets into his shell, 
such as a grain of sand. It is said that the pearl fish- 
ers sometimes catch the mussEts, and wound them by 
pricking them with needles, and then throw them back 
into the water. The poor creature throws out a sub- 
stance to heal its wound, and this substance forms the 
pearl. Some of them seem to be made of the little 
egos which are left in the mussEL’s body; thus you see 
to what a very useful family our friend belongs. Be- 
sides this power to make pearls, many of them are de- 
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licious food. The oysters you like so well are near 
cousins of the musset. Now, when you are enjoying 
your nice Baltimore or Saddle-rock stew, you will often 
think of the pretty fringed mantles, the little rooms, 


and the funny pockets. Clam-chowder is a celebrated 


dish, and many people think it rare fun to have a clam- 
bake on the sea-shore. Cockles, too, are a favorite food. 
I have often seen women and children gathering them 
on the sands on the coast of Scotland, when the tide 
was out. The cockle buries himself quite out of sight, 
but you can see the hole he leaves in the sand above 
him. In the old country, people eat cockles as we eat 
oysters. The way in which these poor things are cooked 
alive is very cruel. ‘The people who roast the oyster 
and cockle in his shell by the hundred think it very 


‘wicked to cut one or two up to find out how they are 


made. It is not cruel to torture them in order to eat 
them, but it is very wicked to open them to learn about 
them! So the people think who love eating better than 
learning, but I hope you will never torture any animal, 
either to get food or knowledge. I have told you only 
a few of the many wonderful things there are to learn 
about the mussEx, and I hope you will try some day to 
find out all the rest for yourselves. 
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How the Boys and Girls found him to bea Strategic Warrior, a Great 
Civil Engineer, a Skillful Surgeon, and a Scientific Mover. 


One day, when I was a school-girl spending my va- 
cation in Baltimore, I went to one of the great fish- 
markets, where I saw a jolly old woman in one of the 
stalls, busily at work with a lot of queer-looking ani- 
mals that { had never seen before. They had immense 
claws, which she was fastening together, doing it so 
easily and rapidly, that I stood looking at her in aston- 
ishment. She had such a friendly, good-natured face, 
I ventured to ask her what she was doing. She was 
greatly amused, and at once wanted to know where I ~ 
had been brought up. I told her on the prairies, where 
we never saw such things. “Law me!” said she, 
“ don’t you have lobsters out there? These are lobsters, 
and I’m fastening their claws to keep them from pinch- 
ing. They are awful things to pinch. I take one claw 
so, and the other so, up over his back, and then he can’t 
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help hisself. Is this your first visit to Baltimore?” 
Then turning to my friend she said, “ You must take her 
to the top of the monument.” I thanked the kind old 
creature for her information, though I could not quite 
understand the relationship between her and the monu- 

ment; but I afterward learned that the top of the 
- monument is the highest expression of Baltimore hos- 
pitality among all classes. 

I never saw the old woman again, nor did I again 
see any lobsters, except in the shape of salad, till one 
morning, not long ago, I found one on the professor’s 
table in the lecture-room at South Kensington. Then 
I thought of where I saw my first lobster in the Balti- 
more market, and how the old fish-monger laughed at 
my ignorance and wanted me to see the monument. 
When you first try to study the lobster, you will per- 
haps think as I thought, “ How can I ever straighten out 
such a queer crusty, clawy, lanky, linky, leggy-looking 
thing as that?” It seems to be made up of all sorts of 
odds and ends, regardless of expense or plan. You will 
have no idea where to begin or where to stop. But 
though the lobster looks as hard as compound numbers 
or the Greek alphabet, he is as easy as simple addition 
or you own A, B, C, when once you find him out. You 
know the corona, or crown, of the bean looked so 


hard, but it all came out nicely into five leaves, or PEr- 
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ALS, as soon as you knew how. Now let us see if we 
can find and name the different parts of the lobster. 
There is no kind of use in attempting to do any thing 
with it unless you have a real lobster before you to look 
at while I talk. The crawfish, or crayfish, that lives 
in creeks and rivers, is made in the same fashion as the 
lobster, only smaller, so one of these will answer just as 
well (Fig. 109). One thing is very certain, he has a great 
many different parts, and these, as a rule, are very un- 
like each other. First, you see he is covered with a 
shell, which, like the mussrL’s and cxAm’s, is his Exo- — 
SKELETON. This shell is very hard like stone, and it is 
colored purplish black, with pale spots here and there ; 
you can hardly tell it from the color of the rocks among 
which the LogstEr lives. The togsters which you see 
in shops are always dressed in scarlet coats, or shells. 
When these poor fellows are caught they are plunged — 
alive into boiling water, which turns the black coat red. 
This outside shell, or Ex0-SKELETON, is made up of a 
great many different pieces instead of two as the mus- 
sEL’s; but those pieces are shaped and joined in such a 
way as to make three divisions of the body—a uxap, a 
THORAX, or breastplate, and an aBpomEeN. The head- 
piece of the shell is pointed in front, forming the BEAK 
(Fig. 109), or FronTAL sPInE. Behind this head-piece is 
a groove, or seam (Fig. 109), where the head joins the 
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breast, or THORAX, making the two pieces of shell which 
cover the head and breast all one. So the first and sec- 
ond division of the body, thus joined in one, are called 
the cEPHALO-THORAX, or head breastplate. The large 
piece of shell, with the seam that covers the back and 
sides of the cEPHALO-THORAX, is called the CARAPACE, or 
shield (Fig. 109). It is the front sharp point of the shield 
(CARAPACE) that is called the FRONTAL sPINE, or beak. 
Behind the head and breast—crEPHALo-THORAX—lies the 
third division of the body, the aspomEn, which is made 
up of seven pieces, or joints; the first six joints are 
called somrrss (Fig. 109), or bodies, and the last joint, or 
tail-piece, is called a TrELson, which means end. So the 
body of the lobster is made up of six body-pieces, or 
SOMITES, and a tail-piece, or TELSoN. Each body-piece © 
has a pair of soft-jomted paddles on its under-side, and 
these are called swmmerets, or little swimmers (Iigs. 
109, 116). The lower joints of these paddles have two 
broad, flat toes. The paddles on the last, or sixth, so- 
MITE are different from the others; they are wider, and 
turned backward (Fig. 116), so as to lie at each side of 
the tail (rELson), and these great fringed paddles, taken 
with the TeLson, form what is called the tail-fin, from 
its likeness to the tail of a fish. The under or venTRAL 
part of each somirE, or body-piece, which lies between 
the paddles, is called the srernum (Fig. 110). The 
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rounded upper or DorsAL part of the body-piece is the 
TERGUM, which means the back. Perhaps the body- 
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pieces (somrres) with their joints and paddles, may 
bring to your mind the stem of the bean with its knots, 
Or NODES, INTERNODES, and leaves. In front of the As- 
DOMEN, with its somrrEs, is the CEPHALO-THORAX. ‘This 
head breast-plate, or cEPHALO-THORAX, has a TERGUM, or . 
back part, a sreERNUM, or under part, and a PLEURON, or 
side part (Fig. 109), and so many things are hanging down 
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from it, one can hardly count them all, much less learn 
them. Counting from behind forward, you will find 
between the lobster’s body, or abdomen, and the head, 
eight pair of jointed legs or arms, or both, one pair 
much longer and larger than the others, with huge pin- 
cers (igs. 109, 116) at the ends. All these eight pair 
are called the THORACIC APPENDAGES, because they are 
fastened to the rHorAx, or breastplate. The lobster uses 
the four back pairs for walking, and so they are called 
the AMBULATORY Limes. Amble means to walk. The 
last pair has seven joints, and every joint works in a 
different direction, so when these hind-legs start off it 
is hard to tell where they intend to go. The next pair 
of walking-legs are like the hindmost pair, except that 
the first joint sends out a piece above it which is kept 
out of sight in a little room in the side of the lobster 
(Fig. 116). We shall hear more about this little room 
by-and-by. The two front pair of walking-legs send 
up pieces also into this chamber, but the end of the leg 
is different from the last two pairs, for they have pin- 
cers, or CHELEZ (Fig. 109). Now we have come to the 
longest pair; the cHEL«, or pincers, at the ends are so 
large and strong, that they are called the GrEaT CHELE 
(Fig. 109). These are the pincers that the old fish- 
woman fastened, and they are the LopsTER’s weapons of 
defense. He is a queer soldier, and has introduced 
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some original tactics in the science of war. When he ~ 
is taken prisoner, that is, seized by one of his claws, he 
quietly leaves the claw in the hands of his astonished 
captor and beats his retreat as fast as possible. Thus 
does he surrender his sword without giving up his per- 
son. He has another odd way of laying down his arms 
when he is frightened by a great noise, such as thunder, 
or the firing of a cannon. It is no mmcommon thing to 
find a number of these broken swords lying about 
among the rocks, showing where there has been a Los- 
ster fright or fight. Perhaps our hero would not be 
so ready to drop his sword and run if he were not sure 
of getting another. As soon as one claw goes another 
takes its place, but it is some time before the new one 
gets as long and strong as the old one; so you may see 
all sorts of disabled soldiers in the LopsTER army, some 
with no arms, some with one, and others with one arm 
shorter than the other. You will notice quite a differ- 
ence between the two large claws, or Forceps. In one 
the teeth are large and blunt, and in the other they are 
very sharp (Figs. 111, 112). It seems that they are not 
made for the same use. The blunt-toothed pincers the 
LOBSTER uses as an anchor to moor himself, while with 
the other he attacks and seizes his prey. -So much for 
the great claws, or cHeL#. The next three front pair 
are called MAXILLIPEDES, or foot-jaws (Fig. 109), because 


128 BOYS AND GIRLS IN BIOLOGY. 


they act both as teeth and feet. The hindmost foot-jaw 
has three divisions, or branches; one branch passes up _ 
into the side-chamber of the lobster. The middle branch. 
is long and jointed, and it, with its’fellow on the other 
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side, acts as a pair of scissors, cutting food for the mouth. 
The third branch is jointed and is a walking-leg. The 
middle foot-jaw (MAXILLIPEDE) is much like the last, 
while the front one does not send a piece upward into 
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the side-chamber, and one of its branches is_ flattened 
out so as to look like leaves. The four walking-legs, 
the great pincers, or cHEL#, and the three pair of foot- 
jaws (MAXILLIPEDES), making eight pair in all, belong 
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to the lobster’s breast, or THoRAx. Now we come to 
the head, which is provided with six pairsof hangers-on, 
or APPENDAGES. The two back pair belonging to the 
head are called maxiti#, because they lie at the side of 
the mouth and are like jaws. The hindmost of the jaws, 
OF MAXILL&#, on each side has a boat-shaped or oval plate, 
which lies at the front entrance of each of the two 
side-chambers, about which you will hear more present- 
ly. The ends of the front pair of little jaws (araxiz- 
L&) are leafy, like those of the front pair of foot-jaws 
(MAXILLIPEDES). Now we come to the jaw itself, or 
MANDIBLE (Fig. 109). You see it has strong teeth, and 
bears a small appENDAGE—the patp. The true jaws 
(MANDIBLES) lie at the sides of the mouth (Tig. 109). 
From all this you see that the mouth of the LopsTER is 
well armed with teeth and scissors, to tear and cut its 
food. Counting from the front, it has first the true 
jaw (MANDIBLE), then the two pairs of little jaws (max- 
ILL#), and these are followed by three pairs of foot- 
jaws (MAXILLIPEDEs), altogether six pairs, which are all 
turned up against the mouth, making the old fellow 
look as though he had the toothache. In front of the 
jaw are two very long-jointed feelers, called AnrENN& 
(Figs. 109 and 113); but you seldom see them at their 
full length, for they are easily broken. Next to the 
feelers (ANTENN#) are two little feelers, or ANTENNULES 
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(Figs. 109 and 114), and last of all, in front come a 
pair of joints which support the eyes (Figs. 109 
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and 115), and hence these are named .the optic Parr of 
APPENDAGES. Now let us begin with the eyes and go 
back to the tail, to see how many pairs of feelers, jaws, 
hands, feet, and paddles, the topsrer owns. He has six 
pairs attached to the head, eight pairs to the breast (rHo- 
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RAX), and six pairs to the body (ABpoMEn), in all twenty 
pairs, and very few of these APPENDAGES are alike. No 


Fie. 115. 


___.. Eye-stalk. 


wonder he is called one of the ARTHROPODA, or foot- 
jointed race. Arthron means a joint, and pous a foot. 
I have helped you to count the feet, so you can 
amuse yourselves by counting the joints. You now 
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have a pretty good idea of the EXO-SKELETON, or hard’ 
outside part of the LogsTER, and we shall look next at 
the soft parts inside. The mouth seems a very good 
place to begin at, and you will find it between the may- 
DIBLES, or jaws (Fig. 116). In front of it is a lip shaped 
like an EscuTcHEON, and it is called the Lasrum, which 
means Wp. At the back of the mouth is another lip, 
the mrrastoma, from two words, which mean beyond the 
mouth, and this has been looked upon as the lower lip. 
The mouth, as in the mussel, opens into a gullet, or 
asopHacus (Fig. 116), and this into a four-cornered 
box—the stomach—which is very curiously made. Near 
‘the centre of the box, or stomach, the walls come al- 
most together, dividing it into two parts: the front 
apart is the larger, and it is called. the carprac end, be- 
cause In the HUMAN HEART the upper end of the stom- 
ach points toward the heart, hence it is called the heart, 
or CARDIAC end; but you see in the lobster it points 
away from the heart. It contains three strong colored 
teeth, fastened to a T-shaped frame (Fig. 117), and 
worked by muscles which are fastened to the inside of 
the breastplate (cArAPACcE). ‘These teeth meet in the 
middle of the stomach, and form a powerful grinding 
machine, which crushes the food like the stones in a. 
mill (Fig. 118). Often when you find the empty shell 
_ of the lobster on the sea-shore, you can see a perfect 
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Fig. 117. 
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mould of this T-shaped mill; it is sometimes called 
“the lady in her chair,” because some one fancied it 
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looked like a lady in a chair. How the tozster gets 
out of his shell, and how he turns the mill out of his 
stomach, we shall study after a while. The small back 
part of the stomach is called the pyzoric end, and it is 
made inside like a sieve, or strainer. The inner sides 
are stuffed out like cushions, almost meeting in the cen- 
tre, and quite covered with hairs (Fig. 119). Let us see 


Fig. 119. 
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why. Pytorvs means gate-keeper, from two Greek 
words, which mean gate and guardian. The pytorus 
of the stomach keeps watch and guard over the 1nTEs- 
TINE; its business is to protect the mvrEstTine from all 
intruders, such as big pieces of meat and hard bodies. 
None but the finest particles can pass through this cush- 
ion-like strainer, and hence the pytorvs is a first-rate 
gate-keeper. The very hard parts of the food, which 
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are of no use to the LopsTER, are sent out again by the 
wide mouth of the stomach. It is very interesting to 
know that there is hardly a machine that man has in- — 
vented, but something like it, though usually much bet- 
ter, may be found in some animal. The LossrEr’s , 
stomach isa perfect machine for grinding and straining, 
and it will repay all your trouble if you take a peep at 
it in the LogsrER itself. When you begin to look for 
the stomach you must go to the head instead of the 
body, or AspomEeN. Why the tosster should have such 
a perfect mill and strainer is at first hard to under- 
stand, because he is not at all particular or dainty as to 
his food ; he is a regular scavenger, and feeds upon all 
sorts of refuse and carrion. But the little gate-keeper 
(pyLorus) opens the way into a very thin, delicate’ 
tube—the InTEsTINE, and, on account of the ‘extreme 
fineness of its walls, it is of the greatest importance 
that the gate-keeper prevent any of the coarse abemi- 
nations on which the LopstEr feeds from entering the 
INTESTINE; hence you see the necessity of the mill and 
strainer. The intestine does not go wandering about 
in the body like the mussxt’s, but passes straight back 
(Fig. 116) and ends at the anus, on the under part of 
the tail-piece (rELson). On each side of the head breast- 
plate (ceEPHALO-THORAX) lies a long, soft, yellowish, 
green mass. This is the Liver, and it opens into the 
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small pytortc end of the stomach by several ducts 
or pipes on each side. The Liver is large enough to 
make our friend feel very melancholy, but we never 
hear of his committing suicide. Away up in the front 
part of the head breastplate (cerHaALo-rHorAx), at the 
base of the feelers (ANTENN#) on either side, you may 
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see a soft, green mass, called the GREEN GLAND (Fig. 
116). This is supposed. to be the xmnxy, and it opens 
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by a tube at the side of the feelers (ANTENNz) toward 
the mouth. A bristle passed through the opening will 


enter the “@rrEN GLAND.” It has been quite a puzzle ~ . 


to know the use of these glands; at first they were sup- 
posed to be the LossTER’s ears. Next we will takea look 
into the side-chambers of the head and breast (cePpHALo- 
THORAX) and see what the three pair of walking-legs, 
the great pincers, or CHEL&, and the two pair of jaw- 
feet, are doing in there. In each chamber we find eigh- 
teen little tapering, feathery-like bodies (Figs. 120, 121). 
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Each has a central stem surrounded by fine, feathery 
filaments ; they look very much like so many little bot- 
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tle-brushes. These are the cILL-PLUMEs, and this room 
is called the Gini or BRANCHIAL chamber. LBranchial 
comes from the Greek word meaning gills. The q@1iis 
are placed in two sets, six in one and twelve in the 
other. The first row are fastened to the six feet, or 
APPENDAGES, of the breast (THORAX), which we found 
pushing themselves up into the chamber (Fig. 116); 
the other twelve are fastened to the PLEURON, or side- 
pieces, of the cEPHALO-THORAX. These gills are not 
covered with stiff hairs (cm1A) as the mussel’s, so 
there must be some other plan. of moving the water. 
Let us see if we can find it. There is a very curious 
piece of machinery at the front entrance. You remem- 
ber the oval or boat-shaped plate in front of the cham- 
ber, formed by the hindmost little jaw Q@raxiLia); this 
plate is called the scapHo-eGNaTHITE, which means the 
little skoff-like yaw. It is made on the plan of the 
archimedean screw, and it works as the screw of a pro- 
peller, and is set in motion by the jaws. The water 
enters the back part of the erLL-cHaMBER by a slit, and 


it is scooped out by this screw through the opening 


in front, bubbling and frothing as it goes. Thus the 
mechanism of the screw was all worked out in our little 
LOBSTER long years before it was discovered by the great 
Archimedes. ‘The tiny net-work of the blood-vessels is 
spread over the framework of the GmLt-PLUMEs, just as 
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you found it on the lattice-work of the mussEL’s @ILL- 
pockets. As the screw scoops the water through the 
BRANCHIAL Or GILL-CHAMBER, the blood takes out the 
oxycEn from the air in the water and gives back car- 
BONIC AciD. You remember how the strong hairs (cr- 
y14) of the pockets sweep the water along over the 
MUSSEL’S GILLS, and how the little blood-vessels take up 
their oxyeeN and give up their carzonic acto. The 
atts that are fastened to the legs, or limbs, move when 
the limbs move, and the faster they go the more water 
they use, just as the faster boys run the more air they 
must have; so the more pure water for the LoBsTERS 
and the more pure air for the boys, the purer and the 
better the blood for them both. So much for the tos- 
sTER’S breathing, or RESPIRATION. Next we will study 
his crrcutation. His blood must move, else it would 
not get in and out of the eitt-pLumEes. Beneath the 
head-shield (cArAPACE) and behind the seam which 
joins the shells of the head and breast, you will find 
another chamber ; it lies just behind the stomach (Fig. 
116), and between the gill or BRANCHIAL CHAMBERS. 
This is the heart-sac, or PERICARDIUM. You remember 
you found one in the musset. In the heart-sac, or PERI- 
carprum, lies a six-sided sac (Fig. 122), and this is the 
heart. It has but one room—no avricuzs like the mus- 
sEL’s—nothing but a VENTRICLE, which is slung in the 
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PERICARDIUM by straps, or musctes. The heart is not 
hollow inside like a bag, but is nearly all filled up by 
its own thick, spongy walls. There are six openings 
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leading into the one room, or VENTRICLE, from the outer 
sac, OF PERICARDIUM. ‘These openings, or doors, are 
guarded by little vatvrs, which allow the blood to pass 
inward, but prevent its return. The vENTRICLE gives off 
six tubes, or ARTERIES, five in front and one very large 
one behind (Fig. 123); these arteries divide into small- 
er ones (CAPILLARIES) which carry the blood all over 
the body. While the blood is passing slowly through 
the fine hair-tubes (carmuartms) it gives up its oxy- 
GEN and nutritious matters to feed the body, and re- 
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-ceives the waste fluids and carsBonic actp. Now the 
blood must be taken to the eixts to be purified, and so 
it is collected from the hair-tubes (cAprLLARtEs) by the - 
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veins, which carry it to the blood-chambers in the 
breast, or THORAX. The blood-chambers then send the 
blood to the eizus, where it is distributed and AERATED, 
or purified, through the fine net-work of the GIzzs. 
From the emzs it is carried by vessels into the heart- 
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sac, OF PERICARDIUM, thence through the little valves into | 
the vENTRICLE (Fig. 120). The blood is next forced 
into the large tubes, or ARTERIES, by the contraction or 
squeezing of the VENTRICLE, as in the mussEL’s heart. 
When the lobster is out of the water the ventricle beats 
about thirty times a minute, but it beats much faster 
when in the water (about fifty times a minute). After 
the blood has been deprived of oxyGEn, it moves slowly 
and the amount of CARBONIC AcID it contains makes the 
LOBSTER insensible. You know, if you stay in a room 
where the air is bad, you feel yourself getting sleepy. 
You and the LopsTER are in a state of what is called 
ASPHYXIA, meaning without a pulse. 

The topster’s blood is colorless when living, but 
when dead it makes a purplish clot. The blood-cells 
look much like the nHuMAN AMa@Bz; they are colorless, 
contain little grains, and show the same crawling move- 
ments. ‘The LosstEr will bleed very freely with only a 
slight wound, because the blood-vessels are so wide and 


_ loose. One might think he would bleed to death when 


he so carelessly throws off his limbs; but the lobster is 
a good surgeon, he always takes care to cut off, or am- 
PUTATE, at a joint where the vessels are narrow, and 
when he gets wounded in a limb he ampurares it at the 
joint above the wound. The joint acts as a surgeon’s 
bandage and soon stops the bleeding. Thus surgeons 
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as well as mechanics can learn from the rozster. So 
much for the heart and its circulation. ‘The Lopsrzr is 
well supplied with nerves; in front of the gullet you 
will find his brains, in the form of a bunch, or GANGLION, 
on each side (Fig. 116); they correspond to the cE- 
PHALIC OF HEAD GANGLIA of the mussEL, though they are 
much larger. Passing back from the nerve-bodies 
(GANGLIA) you will see white nerve-cords, reaching over 
the gullet on each side to the floor of the head breast- - 
plate (cePHALO-rHoRAX). Here there is a chain of six 
nerve-bunches (Fig. 116), or GAnexta, joined by double 
cords. The first of these bunches (GANGLIA) answers 
to the foot-nerves, or PEDAL GANGLIA, of the MUSSEL. 
From the last of the breast, or THORACIC GANGLIA, @ 
single nerve-cord goes back and joins another chain of 
six ganglia, lying in the floor of the ABDoMEN, one in 
each somiTE, and the last one is very large. These are 
united by single cords, so altogether there are thirteen 
pairs of nerve-bunches or ganas (Fig. 116); seven in 
the head and breast (cePHALO-THORAX) and six in the 
ABDOMEN. From these ganexiA, which answer to your 
brain and spinal cord, nerves pass off to all parts of the 
body ; but your spinal cord lies at the dorsal or back 
part of your body and your heart in front, while in the 
lobster these positions are just the opposite (Figs. 110- 
121). .You see what a perfect system of nerves the 
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_ LOBSTER possesses. Who can doubt that the poor thing 
feels pain when he is plunged into boiling water? Of 
course an animal which has so-much machinery, and 
makes so many motions, must have a great many strong 
MuscLEs. You know that the ANopon, or MUSSEL, moved 
his foot and his shell by means of his elastic straps, or 
-MuscLEs. Some of the strongest muscies in the Los- 
sTER’s body are those that work the mill (Fig. 118). 
The heart-bag, or PERICARDIUM, is also fastened to the 
_ shield (carapace) by strong muscular folds (Fig. 122). 
The muscles of the body, or aBpomen, are attached to 
the shell (xo-skELETon) and are of two chief kinds, 
those which bend the aspomen and those which straight- 
en it: Those that bend are called FrrExors, and those 
that straighten are called exrensors. By the action of 
the benders, or FLExors, and the straighteners, or Ex- 
TENSORS, the LopsTER makes its way through the water, 
and it is greatly helped by the tail-fin. By a single 
down-stroke of the reLson the LozsrEeR can send itself 
backward twenty-five feet. But the LopsrER’s MUSCLES, 
besides being very useful to him, are also very useful 
to us, as the muscLEs are the parts of the body that we 
eat, though I think the doctors would call them more 
hurtful than useful ; they are of a beautiful pink color, 
and when you look at a piece of muscLE under the mi- 
croscope, you can see that it is prettily marked by light 
7 
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and dark bands (Fig. 124). ‘These are what are called 
STRIATED OF STRIPED MUSCLES, and the most of yours are 
marked in the same way. The striped muscles are 
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moved by the will, the unstriped are able to move them- 
selvés. You can trace white nerve-cords leading from 
the nerve-bunches (canexra) to the muscles; they are 
very large, and because they make the muscle work they 
are called NERVES Of MOTION, Or MOTOR NERVES. We do 
not know just how many senses the LogstER has: he 
acts as though he had the whole five. We do know 
that he has seeing, hearing, and feeling, because we 
have found the eyes, the ears, and the feelers. He seems 
to have the taste of an epicure, always preferring his 
meats “high;” though he has no tongue, hence he 
must taste with the lining of his mouth and gullet. It 
appears he can smell too, else he could not always be 
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able to find his loud-smelling food ; yet he has no nose. 
Some people imagine that he carries his nose in his long 
feelers (Fig. 109). The eyes, as you have seen, are away 
in front, at the ends of the first pair of joints, or Ap- 
PENDAGES (Fig. 116)—the eye-stalks. The eye is kidney- 
shaped; instead of having one window or pupil, as your 
eye has, through which the light enters, the whole front 
is divided into squares like old-fashioned window-panes 
(Fig. 125). Each square is really a separate eye, and 
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this is what is called a compounD EYE. The LoBsTER’s 
eyesight must be very good, for, besides having all those 
eyes, the eye-stalks are jointed so that he can turn them 
in different directions. The nerve which goes to the eye 
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is called the optic nerve, and it is connected with each 
square by pretty rops and conzs, which look like those 
in your own eye (Hig. 126). The rops and conzs are 
covered with coloring-matter, or PIGMENT, which turns 
red when it is boiled. The optic nerve is a NERVE of 
SENSATION, because it gives the lobster the sense of sight. 
Now, where are the LopstTrER’s ears? Not in the foot, as 
the mussEL’s, but in their proper place—the head. If 
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you look at the base of the little feelers on each side, you 
will find a little three-cornered slit covered with hairs 
(Fig. 127). This slit leads into a small sac filled with. 
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water, and one side of this sac is pushed inward to form 
a sort of fold, or pocket, in which a nerve that comes 
from the brain, or head Gane, spreads itself all out 
(Fig. 128). The side of the pocket toward the water is 
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covered with fine hairs, and these hairs touch against 
little bits of sand which get into the water through the 
outside slit (Figs. 128, 129). These particles of sand 
are like the tiny stones, or orotirus, you found in the 
MUSSEL’S ear-sac, and they likewise help to increase the 
sound. ‘The LopsrmrR’s ear is made on much the same 
plan as your own. The sac is really a fold of the 
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LopsteR’s skin, which is pushed in as you might push 
in the crown of your soft hat, or as I used to make a 
pocket in my apron by pushing in a fold of the mus- 
lin and then pinning together the sides of the fold, 
leaving an opening at the top for my hand—just so 
Nature makes the ear-pocket and the other sacs of 
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the body. At first the skin is all smooth on the sur- 
face ; then she pokes a bit of it in wherever she wants 
a sac, and leaves little openings wherever they are 
needed. Now I dare say you are wishing to hear about 
the LopsTER’s “ BArIRNS,” or little ones. The LopstTEr’s 
egos, when they are first laid, are covered by a soft, 
sticky glue, which fastens them -to the long hairs, 
that cover the paddles of the swimmeretrs under the 
ABDOMEN. ‘The good mother LogsreR doubles up her 
body so that the eggs are all folded inward, safe from 

harm while they are hatching. Hundreds of eggs are © 
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carried in this way, and when the LogsTER is boiled they 
turn red, and form what is called the coral, because they 
look like rows of tiny coral beads. This portable nur- 
sery is a very nice invention of the LossrER, and it saves 
the mother a deal of trouble. The kangaroos also have 
a kind of portable nursery for their little ones. The 
baby tozsstErs differ greatly from their parents; their 
eyes are very large, and set in the head instead of being 
raised on eye-stalks. They have a great rounded head- 
shield (cARAPACE) and a small body (Fig. 130). The 
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limbs are not at all like the LopsrEr’s; altogether he 
looks as if his eyes and head were running away with 
him. As soon as he is hatched from the egg, he begins 
to swim about and feed himself, and never goes back to 
the old nursery or has any thing more to do with the 
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old folks at home. Of course, as he grows his shell 
gets too small, but, instead of putting on an addition as 
the mussEL does, he leaves the old house altogether and 
builds a new one. How he ever extricates himself from 
all the numerous extensions and divisions of his dwell- 
ing is indeed a mystery, and how he can possibly build 
a new house in so short a time as he does is another 
mystery. In three days after the LopstER moves out of 
the old house, he has been found settled in a bran-new 
one, one-third larger. He is about as swift a worker as 
the red and green snow-carpenters we found in the arc- 
tic and Alpine regions. When the LogstTEr’s shell be- 
gins to pinch, it makes him feel very uncomfortable and 
bilious-like ; at least he does not care to go into society, 
lest he should become unnecessarily exposed to the 
rude gaze of the unfeeling crowd. So he retires by 
himself to a quiet place, fastens his feet to some 
firm body, and moves himself about till he has broken 
the last tie that binds him to the old home; then the 
walis begin to crack between the shell of the head—the 
CARAPACE—and the shell of the body—the aspomzn. 
Now the tozsrer pulls himself slowly backward till his 
eyes are fairly through the crack, then he gives one 
jump backward, and leaves the whole thing at a single 
bound. The old habitation, with every apartment com- 
plete, even to the very teeth in the old mill, remains 
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fastened to its moorings by the shells of the six feet. 
Any one passing that way would never dream it was for- 
saken by its owner-—the “ mill-wheel gone to decay, | 
Ben Bolt.” 

Now let us look after the houseless one. At first 
the shock of finding himself alone on the bare sand, 
with no roof over his head, is too much for his fail- 
ing strength to bear, and he staggers about like one 
in delirium. His poor naked feet cannot support his 
weight, and his long, slender feelers are blown about 
in the wind like fine cobwebs; but he has plenty of 
pluck, and in a few moments he rouses himself to his 
condition. He does not regret his “leap in the dark,” 
nor sit down on the sands and whine over his naked- 
ness, but, like Mr. Dombey’s sister, he “ makes an effort,” 
and soon feels himself growing larger and stronger. So 
he spreads out his paddles and fins, and jumps about 
till he finds a sheltered spot in the rocks, where he can 
safely settle down and wait for his big new house. You 
have probably thought of the likeness between the shell 
of the LopstEr and that of the mussrt. You know the 
MUSSEL’s shell isa hardened or catctriep layer of hisskin, — 
Or MANTLE. The LopsrEr’s shell is formed in the same 
way, only he seems to have a quicker plan of hardening 
it, and the lining is different ; it is so very red, at first 
sight you might think it blood; but it is the coloring- 
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matter, or PIGMENT. ‘Two round balls are often found 
in the LopsTER’s stomach, and people call them “ crab’s 
eyes.” These balls are made of lime, which it is said - 
the LopsTER has been storing up for his new shell, and 
that the Lore finds its way to the outside skin and makes 
it hard in three or four days. Thus the lobster moves 
“out of the old house into the new ” every year till he 
gets his growth; then he lives contentedly under the | 
same roof till he dies, or till some one throws him 
into boiling water. I hope the members of the Society 
for the Prevention of Cruelty to Animals will not for- 
get these cruel LopsTER-POTS. 


CRAP EER VELL: 


THE BUTTERFLY. 


All about Johnny’s Caterpillar—its Fine Sculpturing, Tailoring, Spin- 
ning, and Mechanical Genius. 


One morning, when Johnny was a very little boy, 
I heard him crying in an unusually loud voice, away in 
the garden. I rushed out of the house to see what was 
the matter, and found him kneeling upon the ground, 
while the tears were running in streams from his eyes 
upon the mangled corpse of a caterpillar! It seems he 
had as usual filled his little wagon with caterpillars to 
take them a “morning ride,” when this poor unfortu- 
nate one crawled out on the wheel, and was so crushed 
that, like Humpty Dumpty, “all the doctors in the 
land” could never make it stand again. I could not 
help feeling sorry for the child; neither could I help 
wondering what he saw in that hairy, skinny, squashy 
mass to love and cry about—I did not myself then 
know the many curious things it contained, else I might 
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have told Johnny about them, and thus have comforted 
him for the loss of his strange playmate. 

Most people, especially children, are afraid of cater- ~ 
pillars; but there is only one kind that is really dan- 
gerous to handle—the scarlet and black caterpillar, 
known as the “ palmer-worm,”’ which stings worse than 
a nettle. ‘Thus, though caterpillars are not the most 
agreeable-looking, they are, generally speaking, the 
most harmless of pets, and there is nothing in Nature 
more interesting. If you had not been told, you could 
hardly imagine that these clumsy, crawling things 
would turn into graceful, gorgeous butterflies. You 
cannot see any likeness between them; but, as we 
study, we may find a likeness not only between the 
butterfly and caterpillar, but between the butterfly 
and another animal which looks still more unlike it. 
The caterpillar, as you know, is the butterfly’s baby. 
Is it not odd that such a beautiful mother should 
have such an ugly child? But they say ugly babies 
make pretty grown-up people; and we know this is 
true of the butterfly’s children, so they can afford to 
be ill-looking while they are young. The eggs, from 
which the little caterpillars are hatched, are very 
curious. They are so small, you might pass them by 
unseen, and no one would ever have known how pretty 
they are, had it not been for the microscope. Some of 
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them are most beautifully formed and sculptured like an- 
tique vases and caskets (igs. 131-134). One is shaped 
like the seed-box of the poppy, and others look like 
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some of the lovely jewel-boxes in the “Green Vaults” 
at Dresden. So the sculptor might learn how to mould 
his clay into beautiful forms by taking the eggs of the 
butterfly for his models. Another curious thing about 
the eggs is, that the butterfly lays them upon the leaves 
which the caterpillar likes best. She does not eat the 
same food herself; then, how does she know what the 
caterpillar likes? She does not live to see him eat, for 
she usually dies before he is born. How does she 
know? Does she remember when she was a cater- 
pillar? I am sure I cannot tell; at all events, the 
butterfly must be a good Boranist, as she can so readily 
tell one plant from another. When two plants, almost 
exactly alike to the eye, stand side by side, she will 
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choose the leaves of the right one for her eggs. These 
eggs are covered with a kind of glue which fastens 
them to the leaf and keeps out the wet. You have > 
perhaps seen the “fairy bracelets” which are some- 
times placed round the twigs of bushes. Fairies may 
wear these bracelets on state occasions, but the fairies 
do not make them. They are the eggs of a moth laid 
in a circle round the twig and fastened together with 
glue. This bracelet is so strong that it will not break, 
though you break the twig. It is astonishing how 
much heat and cold these eggs will stand. They have 
been known to live at a temperature of 200° Fahr., and 
cold at 22° below zero will not kill them. ‘The eggs 
that are laid in the spring hatch very soon, those that are 
laid in the fall do not hatch till spring. The last, like 
the germ of the bean, take a long, long wintry sleep, 
till the bright, warm, spring sun makes them open 
their eyes. As soon as the caterpillar bursts his shell, 
he begins to eat. He seizes upon the first thing that 
comes in his way, which happens to be his egg-shell, 
and this he devours most greedily. The whole end 
and aim of his life seems to be to eat. The very first 
day of his existence he eats up twice his own weight; 
so, of course, he must grow rapidly. At the end of one 
month he weighs a thousand times as much as he did at 
first, and, to make up this bulk, he has eaten forty thou- 
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‘sand times his own weight of food! What a famous 
digestion he must have. No wonder gardeners dread 
to see caterpillars on their berry-bushes and fruit-trees. 
Soon he gets like the boy who ate so much pudding 
and plum-cake that he burst his buttons; but, as the 
ceaterpillar’s clothes have no buttons, they split right 
down the back and drop off altogether. But he isa 
good tailor; and, before he gets fairly out of his old 
suit, he is into a new one, and, instead of leaving his 
old clothes for the rag-pickers, he turns about and eats 
them all up, and becomes more of a glutton than ever. 
He eats so much and gets so fat, that he has to have 
about six suits in one season, and, as he grows older and 
fatter, his vanity increases, and each new suit is more 
gayly trimmed than the one before! This casting off 
of his old clothes is called movutrine. It has probably 
made you think of the way in which a LogstTEr gets out 
of his shell. 

Now let us look at the external or outside appear- 
ance of the caterpillar. First, his shape. They are all 
roundish, some of them tapering at both ends, others 
more like a rolling-pin ; some short and fat, others long 
and graceful; some covered with hairs, others with 
tufts of hairs, like the “pon-pons” ladies wear in their 
hats. Their colors seem endless. Some are green, with 
white rings around their necks, others green, with red 
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stripes ; and then, again, some are black, with light spots, 
or dark red, with brown spots. The very woolly-looking 
ones, and some of those with the highest colors, are the - 
morH-caterpillars. The difference between moths and 
butterflies we shall soon see. Some people think that 
all the quiet, brown creatures are Morus, and all the gay, 
fancy-looking ones are butterflies. But this is a mis- 
take. If you look carefully at a caterpillar, you will 
find probably that its body looks as if it were made up 
of rings, and, if you count these rings, you will usually 
find about thirteen (Fig. 135). The first rmg is gener- 
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ally very small, and forms the head. The eyes are 
placed on the front part of the head, and look like two 
tiny black spots; but the jaws and mandibles are strong 
and horny, and work from side to side instead of up 
and down. The first three rings behind the head are 
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each furnished with a pair of legs (Figs. 135). These 
are the caterpillar’s true legs, and they stand by him 
throughout his whole life, except when he is changing 
his suit ; then the legs seem to skip over two rings, and 
we find the next four rings each giving off a pair of 
legs; then, again, the legs skip two rings; and now we 
come to the last ring, which gives off the last pair of 
legs. These five pairs are the caterpillar’s protuas (Fig. 
135), and he uses them to fasten himself while he is 
eating. The last srament, or ring, sometimes ends in 
a two-forked tail. The head, too, may have two horny- 
looking appendages (Fig. 1385). When the caterpillar 
eats, he fastens himself by his proses, and then guides 
the edge of the leaf between his real legs. Thus fixed, 
he stretches his head as far as possible, and begins to 
eat backward toward his legs, one row of the leaf after 
another, till he reaches the mmrip; then he fastens 
himself to another part of the leaf, and so on till it is all 
gone except the stalk. So much for what you see out- 
side of the caterpillar! Now, I wonder what he has 
inside? From the amount that he eats, you might think 
he had no room inside for any thing but a stomach. 
But he is not as low-minded as he seems; his internal 
arrangements show that he has “great expectations,” 
and that he is thoroughly preparing himself for a 
higher state of existence. His mouth opens into a 


162 BOYS AND GIRLS IN BIOLOGY. 


gullet, and this gullet leads backward into a stomach. . 
(Fig. 136), not such a very large stomach either as one 

might suppose. This opens, again, into an intestine, 
which runs straight back, as the LopsrEeR’s. On each 
side of the stomach and instestines lies a mass of wavy 
threads (Fig. 136), which seem all tangled together; 
but they are all quite separate, and each one is a little 
duct, or tube, and the whole mass is the caterpillar’s 
LivER. All these are called the piaEstrvE orGANs, be- 
cause they help to digest, or make ready, the food. 
Next, how does the caterpillar breathe? Where are 
his ORGANS OF RESPIRATION? You cannot find any @r1LLs, 
as in the musseL and topster. The caterpillar could 
not use e1iis if he had them, for he does not live in the © 
water. On each side of his body you will find a num- 
ber of openings which look like so many button-holes 
(Figs. 1386, 187). Each one opens into a ringed tube 
which runs inward. These tubes are crossed by one 
long tube which runs lengthwise on each side of the 
body. Then these tubes divide and subdivide, and 
spread themselves through the whole body, so that, 
taking up the smallest piece ‘of the caterpillar, you 
will find some of these tiny tubes. The air does not 
enter the body through the mouth, but through these 
button-holes, or sprrACLES, in the sides of the caterpillar, 
and then into the tubes, and so throughout the whole 
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body. You know that the air contains dust which 
would soon fill up the air-tubes, and hence, at the en- - 
trance of each air-tube, or sprractn, is a hair-like sieve’ 
which strains the air and keeps back the dust (Fig. 137). 
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In like manner, the air which you breathe is filtered 
before it enters your lungs, by the hairs which line the 
NASAL or nose passage. So, you ought always to 
breathe through your nose instead of through your 
mouth. Thus you see what great care Nature or 
Nature’s God has taken to protect the life of all 
living things, from the littlest plant to the largest man. 
If we could be as careful of ourselves and of each 
other! The caterpillar’s body is so soft, and then he 
has such a habit of rolling himself into a ball, that the 
air-tubes might collapse, and the caterpillar would die 
for want of breath. But the tubes are kept open by a 
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twisted or sprrAL thread, which runs all through them 
like the spiral thread which keeps the air-vessels of the 
bean-stalk open, thus protecting the life of the vine. 
Indeed, they look very much like the sprran VESSELS of 
plants (Fig. 138). This machinery for breathing, or 
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RESPIRATION, is entirely different from that of the mus- 
SEL or LOBSTER. ‘There is no special place in the body 
where all the blood comes to get air. “Instead of the 
blood coming to the air, the air goes to the blood” 
through the little tubes that we find spreading them- 
selves through the whole body (Fig. 188). The tubes 
are called TRACHES, or wind-pipes—trachus means 
rough, and these rings make the air-tubes quite rough. 
When the air is to be expelled, the creature brings the 
walls of his body together and forces the air out. 

The circulation of the caterpillar’s blood is brought 
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about by the sinking and swelling of a vessel which runs 
along the upper or porsAL side of the body. The blood 
is a colorless, watery fluid, and you can see it flowing. 
into the dorsal vessel through little mouths in the sides. 
Each mouth has a little vatve, which*prevents the 
blood from going back again. You may see this ves- 
sel beating along the caterpillar’s back, and the blood 
is sent from the tail to the head, instead, as one would 
suppose, from the head to the tail; and this blood goes 
back again by vessels on the under or VENTRAL side. 
The caterpillar does not look or act like a nervous 
individual ; nevertheless, he has a great many nerves. 
You can see the chain of nerve-bunches, or GANGLIA, 
running close to the DIGESTIVE ORGANS, connected by 
cords, like the LopstEr’s (Fig. 136). The bunches 
above the gullet are the HEAD GANGLIA, or the Brain, 
and they give off nerves to the eyes and other parts of 
the head. The caterpillar’s brain is not of so much im- 
portance to it, for he has large bunches of nerve-matter, 
GANGLIA, in other parts of his body. Besides, he does 
not breathe through his mouth. If his head is cut off, 
the part he misses most is the jaws; and I suppose, if a 
new pair would grow, he could get on about as well 
without a head as with one. The most merciful way 
to kill a caterpillar is not to cut off his head, but to stop 
up his breathing-holes, and this can be done by smear- 
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ing the body with a little oil. We know, from the 
bending and stretching of the caterpillar’s body, that 
he must have good muscles. Caterpillars can throw 
themselves straight out from the limb of a tree, as you 
throw out your arms from your body, and keep in 
that position without moving for an hour at a time. 
This shows how very strong the muscles must be, and 
they are also very numerous. Some caterpillars have 
over four thousand separate muscles! They are far 
more curious than the LopstER’s, because, besides the 
blood-vessels and nerves which pass through them, 
they are all tunneled by the ringed tubes, or TRACHES. 
There are two other large parts, or organs, in the cater- 
pillar, which, if you did not know better, you might 
take for the stomacu and intestine. They lie on 
either side of the picEsTIVE orGANs, and look like a 
large INTESTINE, a good deal twisted, and tapering to 
a fine thread at each end (ig. 136). This tube is filled 
with a soft, toughish glue, or gum, which seems to 
come from the food through one of the fine threads, 
the one that opens into the picEstivE canat. The 
other thread opens into the mouth by a tiny tube (Fig. 
136), called a spINNERET, or little spinner. Now, what 
is it that our caterpillar has to spin? Why should he 
be a spinner as well as a tailor? You have often seen 
the caterpillar swinging by a thread. He can let him- 
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self down from high branches when he thinks there is 
danger near, and hide himself in the grass; then he goes 


back to his perch by the same thread, when the danger is — 


past. Possibly you thought this a stray cobweb that the 


caterpillar had appropriated to himself. Not at all; it 


is a cable of his own manufacture. Let us see how he 
makes it. Some of the gum that we found in the 
bags passes down through the fine tubes, getting smaller 
and smaller, till it reaches the little spinning-machine 
(SPINNERET) where the two fine threads are joined into 
one ready for use whenever needed. Thus the cater- 
pillar furnishes the raw material and spins his own 
yarn, for which he has other uses, as we shall soon 
see. The yarn which the silk-worm spins, you know, 


is very valuable, and its value depends a good deal upon - 


the way in which these two threads are made into one. 
There is still one other organ in the caterpillar. On 
each side, in front of the spinning-bag, is another 
smaller bag, opening into the mouth by atube. These 
bags contain the caterpillar’s spittle, or sativa, which 
he never uses except on proper occasions, consequently 
caterpillars are not obliged to have spittoons in their 
drawing-rooms. Thus, you see, the crawling cater- 
pillar is really a very wonderful creature. He seems 
to be higher up in the scale than either the mMussEL or 
LOBSTER, because his breathing-apparatus is more like 
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that of the higher animals. We now come to a time 
in the life of our friend in which he actually refuses 
food! Surely, some great change is coming over him. 
Perhaps he is going to die. Let us watch him. He 
leaves all the beautiful green tables, spread with his 
favorite dainties, and seeks a quiet place where, unob- 
served, he unfastens his woolly coat and throws it off— 
jaws, legs, and even the whole lining of his stomach. 


Fie. 189. 


Tue PUPA, oR CHRYSALIS, HANGING BY THE TAIL. 


Thus he is left naked, jawless, armless, legless—nothing 
in the world to call his own; just like our Lossrrr, 


only a great deal worse. The only things by which he 
8 
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can help himself at all are, his little spnvNEREr in front, 
and the two very tiny hooks at the end of the tail. By 
a strange “sleight-of-hand,” that is, without any hands’ 
at all, he fastens himself to some object by these two 
little forks, and begins to work away with his little 
SPINNING-JENNY, to make a covering for himself. In a 
very short time you see him hanging from a leaf in a 
sort of silken hammock, like a sailor asleep. There 
are two ways in which he slings his hammock: in one. 
way he attaches himself by the tip of his tail, his head 
hanging down (Fig. 139); in the other he fastens his 
tail upon the leaf, and keeps his head from swinging 
about by a band, or girdle, which he throws around the 
upper part of his body (Fig. 140). The caterpillar, 
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CHRYSALIS, WITH HEAD FASTENED BY A SLING. 


before he enters the hammock, is called a Larva, which 
means MASK; of course, when the butterfly is crawling 
about as a worm, he is in disguise. This is the butter- 
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fly’s masquerade. After he has thrown off the mask, 
he is called a pupa, because he wraps himself up in his 
silken web as a baby is wrapped in its bandages. It 
makes one think of a little Zndian papoose. Then, 
again, he is called a curysaxis, for sometimes his ham- 
mock is spotted with gold. Only two of the butterfly 
farnilies—the vanzssas and the rrirELLartes—the “ big 
wigs,’ I suppose, attempt this kind of ornament. The 
hammocks are usually quite plain and unpretending. 
Some of them are so thin, you can see the pupa through 
the meshes. It looks white, and covered with a kind 
of oil, and you can pick out almost all the parts of the 
butterfly. The feelers (anrenN#) are folded down by 
the legs ; and along the centre of the body, between the 
legs, you can see the long tongue lying in a straight line. 
On the sides you can see the air-slits, or sprRACLEs, and 
the wings show all their veins. If the weather is warm 
and bright, the pupa comes out of his shell, or ham- 
mock, in seven or eight days. In the spring it takes 
him two or three weeks to turn himself into a buttertly. 
If he goes into the papoose state in the fall, he sleeps 
all winter in his cradle, and comes out a butterfly in the 
spring. Indeed, if these sleeping caterpillars are kept 
in a cool place, they will sleep on for two or three 
years; but, if one were suddenly taken into a hot-house 
in winter, the heat would arouse it, and the butterfly 
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would come out in a few days. You can always find 
plenty of babies, or pup, and you can gather them and > 
watch them for yourselves. Sometimes, when you are 
watching for the butterfly to burst through his silken 
shell, you may see, instead, a whole swarm of black, 
impish-looking flies. They are called the 1cHNEUMON- 
flies, and their chief diet is caterpillar-flesh. Every 
year they destroy thousands, and this is the way they 
do it: the mother-fly (icHnEUMon) makes nests by 
sticking little holes all along the back of the caterpillar, 
and this only causes the caterpillar to squirm a little. 
In these nests she lays her eggs, which hatch into little 
white grubs, or worms. They feed on all the fat of the 
caterpillar, but take good care not to touch any of his 
organs, because, if the caterpillar dies, they would have 
to die too. But, as soon as the caterpillar stops eating | 
and goes to sleep in his hammock, and so cannot pro- 
vide any more food for the grubs, they fall to and 
devour every morsel of him. When they have finished 
their last meal, they take a nap themselves, and, while 
they are sleeping, their outer-coat gets hard and bursts ; 
and, just about the time that the poor caterpillar would 
turn into the butterfly, out come the troop of black 
flies. | ) 
Now for the caterpillar’s transformation. The pupa 
or CHRYSALIS skin turns dark, gets dry and brittle, and — 
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you can see all the parts of the butterfly shining through 
it. Finally it splits in several places, and the butterfly 
crawls out and begins to dry off the oil in the sun. At 
first the wings look small and limp, but as soon as the 
butterfly breathes they swell out and get larger, as the 
air-tubes (TRACHEH) in the wings become filled with 
air. In about an hour the new butterfly is all nice and 
_ dry, beautifully painted and polished, and away it goes 
skimming through the air in search of sweet syrup to 
sip from the cup of some flower. Now our friend is 
called an maao, or image. In the first place he wore a 
mask, hence his name Larva; then he went to sleep in 
his homespun blankets like a baby in its cradle, so he 
was called a pupa. Now he has come forth an maakE, a 
perfect image of the butterfly, so now he is an mmaqo. 
Almost all rysrcts, the class of animals to which our 
butterfly belongs, pass through these three stages of life. 
There is one thing to remember about this mrago, it 
never grows after it is born, so none of the little flies 
and moths that you see ever get to be big ones. The 
first things you are likely to notice about the butterfly 
are the wings. They are very showy and most beauti- 
ful too, but we will not begin to study them just yet. 
First of all you can see that there are three distinct 
parts to the butterfly’s body—a Huan, a breast, or THO- 
-RAX, and a body, or aspomen. The THORAX and ABDo- 
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MEN are again divided, as the LogpsrErR’s, into body-pieces 


—somitrs. All insects have three pieces, or soMITES, in ~ 


the breast, or THORAX, but all do not have the same 
number of pieces (somirEs) in the aBpomen. Some 
have eleven, others not so many. At the top of the 
butterfly’s head you will see two great comMPoUND EYES 
(Figs. 141, 142), all divided into six-sided squares ; each 
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square, you know, is a separate eye, and some butterflies 
have more than thirty thousand in both eyes! These 
COMPOUND EYES are not set on stalks, as the LOBSTER’s. 
Next we come to the butterfly’s curious mouth.. Two 
horny scales at the sides of the mouth are all that are 
left of the LopsTER’s large MANDIBLEs or the caterpillar’s 
jaws. Behind the mouth you will see something like the 
LOBSTER’s lip (LABRUM), a small scale with two long palps 
(Fig. 142). We find the mouth itself all coiled up un- 
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der the head and hidden by the palps (Fig. 141). When 
it is straightened out it looks like a long, slender tube, 
but it is really made of two pieces, or half-tubes, one 
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each side. ‘These are fastened together in the middle 
by means of very fine hairs along the edges, as you 
might fasten together two brushes. These two long, 
fine half-tubes take the place of the LogsrEr’s little 
jaws (MAXILL#), and they are made in this way because 
the butterfly has to suck honey out of the deep tubes 
of the flowers (Fig. 142), so he does not need the strong 
pincers, scissors, and jaws, of the Lozpsrrer. It is also a 
good plan to have his bill in two pieces instead of one, 
because it is so much easier to keep it clean. You know 
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honey is rather sticky stuff. In the butterfly’s sucker, or 
mouth, you see one large opening and several smaller — 
ones (Fig. 143). The large one is probably for the pas- 


Fic. 148. 
S 


> 


nm AW 


it Hl HH 
1 , }li 
‘i li} 


Food-passage. .------ G nie 


ey 


A Cross-Cut or SECTION OF TUBE. 


Air holes. 


saze of the food, and the smaller ones for the air with 
which he sucks the food.’ On the outside, toward the 
end of the sucker, you see a number of little buds (Fig. 
144). These are probably the butterfly’s tongues, with 
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ENp oF BUTTERFLY’S BILL, SHOWING THE TASTERS. 


which he tastes the honey before eating it. This mouth 
is a very perfect piece of machinery, and yet so small, 
that the whole thing is not thicker than a horse-hair. 
i¥o human hand could make such a piece of workman- 
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ship. The butterfly has two ANTENN#, or feelers (Fig. 
141), placed in sockets, one at each side of the head 
(Figs. 142, 145). They are long and jointed, and have 
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BUTTERFLY’s FEELER, oR ANTENNA. 


club-shaped ends. The shape of the feelers (ANTENN #) 
is the great difference between BUTTERFLIES and MOTHS. 
The feelers, or anrEnn«, of the moths have pointed 
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ends, while the butterflies’ are always knobbed. It is 
with the anrenna that the butterfly feels and smells, — 
and they answer to the LogpsTER’s long feelers. On each 
bottom-piece, or sTERNA, of the three breast-pieces—the 
THORACIC SOMITES—you will find a pair of legs (Fig. 141). 
These three pairs of legs correspond to the caterpillar’s 
true legs. Sometimes the first pair are very short, too 
short to walk upon. Perhaps the butterfly uses them as 
hands to clean his bill. The wings usually grow from 
the back or TERGAL parts of the second and third tHo- 
RAcIC somires (Iig. 141), and they correspond to the 
side-piece—the PLEURON, OY GILL-COVER, of the LOBSTER. 
They are of many shapes, sizes, and colors, and some- 
times there are two pairs. All boys and girls have chased 
butterflies, and all know that their wings are mealy. 
This meal comes off on the fingers and colors them, 
just as the poLLeN of flowers comes off and colors the 
nose. If you put the wing under the microscope, you - 
will change your mind, and say that it is covered with 
scales instead of meal. Each speck of this fine powder is 
a brilliant-colored, feathery scale, and, if you place the 
root of the wing toward the light, you can see how the 
scales are arranged in rows, overlapping each other like 
the scales of a fish; hence the butterfly is said to be 
one of the scaly-winged family—LeprpopreRA. Lepis 
means a scale, and ptera wings, so this long, hard name 
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is very simple—scaly wings. The colors and designs of 
these scales surpass any thing I have ever seen. All 
the fine painting, tapestry, and mosaics, made by men 
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ScALES OF BUTTERFLIES’ WINGS. 


look best when seen from a distance, and if you look on 
the wrong side you see nothing but rough canvas, strag- 
eling threads, and bits of stone. But the butterfly’s 
painting, tapestry,.and mosaics, are all the more lovely 
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the closer you see them, and the wrong side is often as 
beautiful as the right. Just that dust of meal the but- 
terfly leaves on your fingers contains colors as rich as 
the rainbow, and jewels as brilliant as the pearl, topaz, 
and sapphire, all shining together. If you examine them 
separately, you will find many different shapes ; most 
of them resemble leaves, and the little stem that fastens 
them to the wing looks like the foot-stalk, or PETIoLE, 
of the leaf (Figs. 146-150). One is formed just like 
a battledore. Each tiny scale has three layers; those 
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BuTTERFLY’S WING, SHOWING HOW THE SCALES ARE FASTENED, AND THE SCARS OF 
THE FASTENINGS. 


outside are highly colored and decorated, while the 
inside one is plain and forms a foundation for the or- 
namental work. The wing itself where the scales are 


THE BUTTERFLY. 181 


all off shows all its veins or ribs, and is covered by 
a thin membrane all marked with little spots, where 
the scales were fastened (Fig. 151). In some butterflies 
the under sides of the wings look exactly like dried 
leaves, while the upper sides are gorgeously colored. 
When such a butterfly is chased, he drops down and 
folds back his wings, and so his pursuer misses him, 
thinking him a withered leaf. The internal parts of the 
butterfly are very much like those of the caterpillar. 
As he has no more use for the spinning-bags, they all 
dry up, leaving nothing but little fine threads in their 
places. The butterfly’s life is very short ; it lives only 
long enough to lay its eggs, and it never sees its dear 
little caterpillar-babies. But it appears to make the 
best of every thing, and looks so very bright and happy 
that some people envy its care-free life. A great many 
poets have written songs about it; there is one very 
pretty one: 
‘I'd be a butterfly, 
Born in a bower.” | 

But I have no doubt you would rather be boys and 
girls than butterflies. We have now traced the resem- 
blance between the caterpillar and the butterfly. By 
taking off the caterpillar’s mask, the great woolly skin, 
and looking carefully at his body, we found nearly all 
the parts of the future mmaco; and we have found, too, 
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that the beautiful butterfly is very much like the fierce, 
odd-looking togster. Let us first notice the general 
shape of their bodies; both are long, rounded, and ta- 
pering at each end, with joints, or APPENDAGES, hanging 
down each side. The body of each is divided into 
three parts—the HEAD, THORAX, and ABDOMEN; and 
these are made up of different pieces called somrrzs. 
The somrres have a back or TERGAL portion, a side, or 
PLEURON, and a lower or stERNAL portion. The butter- 


fly’s wing corresponds to the PLEURON, or side-piece, of 


the somirE which covers the eirts. There is also a great 
likeness between the appEeNDAGEs of the two animals. 
Both have compound eyes at the front of the head; the 
main difference between the eyes is, that the LopsTER’s 
are placed on movable stalks, while the butterfly’s are 
SESSILE, that is, they are set in his head without stalks. 
The topstEr has one more pair. of feelers than the but- 


terfly, and the butterfly’s feelers answer to the second 


pair, or the ANTENNULES, of the LogsteR. There looks to 
be no resemblance between the mouth of the LopstErR and 
that of the butterfly, yet there is a close likeness. The 
scale with two long palps takes the place of the Los- 
STER’s LABRUM. ‘The horny scales at ‘the sides are the 
LOBSTER’S Jaws, OF MANDIBLES, made butterfly-fashion ; 
and the two strong MAXILL&, or little jaws, of the lob- 


ster are worked over into the two long, fine half-tubes_ 


- 
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of the butterfly’s ‘prososcis, because the butterfly is a 
honey-sucker and not a ‘“beef-eater.” Now come the 
three pairs of feet on the breast, or THorax ; they are 
not shaped as the lobster’s, for they are not used in the 
same way. The butterfly has no prey to catch and cut 
up, and hence he needs no claws and no scissors. As 
he does not swim, he needs no swimmeEreEts, or tail-fin. 
Nature never gives an animal what is of no use to him. 
The way in which the baby-butterfly casts off his old 
clothes is very much like the way in which the young 
lobster flits from his old house into his new one. So 
much for the outward resemblance ; let us see if we can 
find any likeness between the inside arrangements. 
There is the DIGESTIVE CANAL in each, consisting of the 
gullet, stomach, and intestine, with the liver on each 
- side, running in a straight line from the head to the tail. 
The nervous system is made on the same plan, and takes 
the same direction in both. Each has a chain of nerve- 
bunches, or GANGLIA, on the veNTRAL or lower side of 
the body, and each has a heart, or a porsAt vessel, which 
takes the place of a heart, on the upper or Dorsat side 
of the body. The muscles of the LOBSTER are attached 
to the inside of his shell, so the muscles of the butterfly 
are fixed to the walls of his somrres. So we might very 
well call the butterfly a land-lobster, and the lobster a 
water-butterfly, for there is just enough change in 
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structure to make each one comfortable in his own 
home. 


And now, before saying good-by, let us sum up what 
we have done, and talk a little of what we may vet do. 
We have studied pretty carefully what mercantile peo- 
ple might call “ samples” of those animals that have no 
backbone—the INVERTEBRATES. (A vertebra is one of the 
pieces which make the backbone.) But, in order to learn 
about animals themselves, we had first to learn some- 
thing about the plants upon which animals live. So we 
talked of a “sample,” or typical runeus, the yEAsr; a 
GREEN PLANT, the PROTOCOCCUS; and a FLOWERING PLANT, ~ 
the pean. All plants belong under these three heads: 
FUNGI, GREEN PLANTS, FLOWERING PLANTS. 

The animals that have no backbone are classed under 
five heads: PROTOZOA, CELENTERATA, ANNULOIDA, ANNU- 
LOSA, MOLLUSCA. 

Protozoa comes from two words, which mean jirst 
and animal. All the first or simplest forms of animal 
life are placed under this division of the INVERTEBRATES. 
The amapa is the sample of protozoa that we have 
studied. 

Ca@LENTERATA comes from two words, which mean 
hollow and bowel. The animals whose stomach and the 
whole inside, hollow, or cavity of the body, are both in 
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one, belong under this second head. The nypra is the 
sample of caLENTERATA that we have studied. 

ANNULOIDA means ring-like. The animals that are 
classed under this head have usually been placed with 
the PROTOZOA, CHLENTERATA, and ANNULOSA (the animals 
whose bodies are made up of rings). Most of the annu- 
loida live in the sea or the intestines of other animals, 
so but few of you could get specimens for examination 5 
and it is hard to study an animal from pictures alone. 
The starfish and tape-worm are two of the more com- 
mon samples of the annuloida. The starfish, which is 
not a fish at all, used to belong to the radiata, the old 
name for the second division (C@LENTERATA) and the 
tape-worm was classed with the annutosa. But the 
starfish you can see only on the sea or in an aquarium, 
and the tape-worm you will hardly find outside a medi- 
cal museum ; so we pass these by for the present, to learn 
about the common animals—those that you can see al- 
most every day, no matter how far from the sea-shore 
you may live. 

ANNULOSA is the name given to those animals whose 
bodies are made up of rings. -Annulws means ring. 
We have studied two samples of the annuzosa ; first, a 
CRAYFISH, OF LOBSTER, Which is also called a crusTACEAN, 
because it is covered by a crust, or shell; but it should 
not be called a fish, because all fish have backbones. 
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The second ANNULOSA, or ringed animal, that we studied 
is the butterfly, which is called an insect. The word | 
insect means J cut into. I suppose the animals are thus 
named, because their bodies look as though they were 
cut into three parts. 

MotivuscA comes from a word which means soft. 
The animals placed under this division of the INVERTE- 
BRATES have soft bodies like the mussEx, the sample of 
MoLLusoA that we have studied. 

So remember that all animals without a backbone 
are PROTOZOA, or first animals; C@&LENTERATA, or hollow- 
tube animals; ANNULOIDA, or ring-like animals; ANNU- 
LOSA, or ring animals; MoLLuscaA, or soft animals. 

And now all I can say of the future is that, if you 
are pleased and interested in these studies, we may have 
some talks about the verTEBRATEs, or the animals with 
a backbone, such as fish and birds, apes and boys. Per- 
haps we may be able to prove that biology is not too 
big a subject for boys and girls. 


THE END. 
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8. ANIMAL LOCOMOTION; or, Walking, Swimming, and Flying, 


with a Dissertation on Aéronautics. By J. Bett PETTIGREW, M. D., 
F.R.S., F.R.S.E., FLR.C.P.E. 1 vol., r2mo. Fully illustrated: 
Price, $1.75. 


9. RESPONSIBILITY IN MENTAL DISEASE. By HEnry 


Maups.ey, M.D. 1vol., r2mo. Cloth. Price, $1.50. 


No. 10. THE SCIENCE OF LAW. By Prof. SHELDON Amos. 1 vol., 12mo. 


Cloth. Price, $1.75. 


No. 11. ANIMAL MECHANISM. A Treatise on Terrestrial and Aérial 


Locomotion. By E. J. Marry. With 117 Illustrations. Price, $1.75. 


No. 12. THE HISTORY OF THE CONFLICT BETWEEN RE- 


LIGION AND SCIENCE. By Joun Wm. Draper, M.D., author 
of ‘*'lhe Intellectual Development of Europe.” Price, $1.75. 


No. 13. THE DOCTRINE OF DESCENT AND DARWINISM. 


By Prof. Oscar ScumiptT, Strasburg University. Price, $1.50. 


No. 14. THE CHEMISTRY OF LIGHT AND PHOTOGRAPHY. 


In its Application to Art, Science, and Industry. By Dr. HERMANN Vo- 
GEL. One Hundred Illustrations. (Jz press.) 


No. 15. FUNGI; their Nature, Influence, and Uses. By M C. Cooxe, M. A., 


LL.D. Edited by Rev. M. J. BeErkerzy, M.A., F.L.S. With 10g 
Illustrations. (/2 pvess.) 


No. 16. OPTICS. By Prof. Lommet, University of Erlangen. (Jz ress.) 


Other eminent authors, as WALLACE, HELMHOLTZ, Parks, MiLNE-EDWARDS, and 
HAECKEL, have given strong encouragement that they will also take part in the 


enterprise. 


D. APPLETON & CO., PUBLISHERS, 549 & 551 Broadway, N. Y. 


RECENT PUBLICATIONS.—SCIENTIFIC. 


THE PRINCIPLES OF MENTAL PHYSIOLOGY. With their Ap- 
plications to the Training and Discipline of the Mind, and the Study of its 
Morbid Conditions. By W. B. CARPENTER, F.R.S., etc. Illustrated. 12mo. 
737 pages. Price, $3.00. 


‘“ The work is probably the ablest exposition of the subject which has been given to the world, and goes 
far to establish a new system of Menta! Philosophy, upon a much broader and more substantial basis than 
it has heretofore stood.’’—St. Louis Democrat. 

“‘ Let us add that nothing we have said, or in any limited space could say, would give an adequate con- 
ception of the valuable and curious collection of facts bearing on morbid mental conditions, the learned 
physiological exposition, and the treasure-house of useful hints for mental ferns which make this large 
and yet very amusing, as well as instructive book, an encyclopedia of well-classified and often very 
startling psychoiogical experiences.’’—London Spectaior. 


THE EXPANSE OF HEAVEN. A Series of Essays on the Wonders of 
the Firmament. By R. A. Procror, B. A. 


“A very charming work; cannot fail to lift the reader’s mind up ‘ through Nature’s work to Nature’s 
God.’ ?’—London Standard. 

“Prof. R. A. Proctor is one of the very few rhetorical scientists who have the art of making science 
popular without making it or themselves contemptible. It will be hard to find anywhere else so much 
skill in effective expression, combined with so much genuine astronomical learning, as is to be seen in his 
_ new volume.”’—Christian Union. 


PHYSIOLOGY FOR PRACTICAL USE. By various Writers. Edited 
by James Hinton. With 50 Illustrations. 1 vol., r2mo. Price, $2.25. 


“This book is one of rare value, and will prove useful to a large class in the community. Its chief 
recommendation is in its applying the laws of the science of physiology to cases of the deranged or diseased 
operations of the organs or processes of the human system. It is as thoroughly practical as is a book of 
formulas of medicine, and the style in which the information is given is so entirely devoid of the mystification 
of technical or scientific terms that the most simple can easily comprehend it.’’— Boston Gazette. 

“¢ Of all the works upon health of a popular character which we have met with for some time, and we 
are glad to think that this most important branch of knowledge is becoming more enlarged every day, 
the work before us appears to be the simplest, the soundest, and the best.’’—Chicago Inter-Ocean. 


THE GREAT ICE AGE, and its Relations to the Antiquity of 
Man. By James Geikis, F.R.S. E. With Maps, Charts, and numerous lIllus- 
trations. 1 vol., thick r2mo. Price, $2.50. 

«*The Great Ice Age’ is a work of extraordinary interest and value. The subject is peculiarly 
attractive in the immensity of its scope, and exercises a fascination over the imagination so absorbing that 
it can scarcely find expression in words. It has all the charms of wonder-tales, and excites scientific and 
unscientific minds alike.””— Boston Gazette. 


““ Every step in the process is traced with admirable perspicuity and fullness by Mr. Geikie.?»—Zon- 
don Saturday Review. 

““<¢ The Great Ice Age,’ by James Geikie, is a book that unites the popular and abstruse elements of 
scientific research to a remarkable degree. The author recounts a story that is more romantic than nine 
a se of ten, and we have read the book from first to last with unflagging interest.’’— Boston Commer. 
cial bulletin. 


ADDRESS DELIVERED BEFORE THE BRITISH ASSOCIA- 
TION, assembled at Belfast. By Joun Tynpai1, F. R.S., President. Re- 
vised, with additions, by the author, since the delivery. 12mo. 120 pages. 
Paper. Price, 50 cents. 


This edition of this now famous address is the only one authorized by the author, and contains addi- 
tions and corrections not in the newspaper reports. 


THE PHYSIOLOGY OF MAN. Designed to represent the Existing State 
of Physiological Science as applied to the Functions of the Human Body. By 
AusTIn Fiint, Jr., M.D. Complete in Five Volumes, octavo, of about 500 
pages each, with ros, Illustrations. Cloth, $22.00; sheep, $27.00. Each vol- 
ume sold separately. Price, cloth, $4.50; sheep, $5.50. The fifth and last 
volume has just been issued. 


The above is by far the most complete work on human physiology in the English language. It treats 
of the functions of the human body fa a practical point of view, and is enriched by many original ex- 
periments and observations by the author. Considerable space is given to physiological anatomy, par- 
ticularly the structure of glandular organs, the digestive system, nervous system, blocd-vessels, organs of 
epecial sense, and organs of generation. It not only considers the various functions of the body, from an 
experimental stand-point, but is peculiarly rich in citations of the literature of physiology. It is therefore 
invaluable as a work of reference for those who wish to study the subject of physiology exhaustively. As 
a complete treatise on a subject of such interest, it should be in the libraries of literary and scientific men, 
as well as in the hands of practitioners and students of medicine. Illustrations are introduced wherever 
they are necessary for the elucidation of the text. 


D. APPLETON & CO., PuBLISHERS, 549 & 551 Broadway, N. Y. 


RECENT PUBLICATIONS, 


THE NATIVE RACES OF THE PACIFIC STATES. 


By HERBERT H. BANCROERI. To be completed in 5 vols. Vol. I. now 
ready. Containing Wild Tribes: their Manners and Customs. 
1 vol., 8vo. Cloth, $6; sheep, $7. 


‘We can only say that if the remaining volumes are executed in the same spirit of 
candid and careful investigation, the same untiring industry, and intelligent good sense, 
which mark the volume before us, Mr. Bancroft’s ‘ Native Races of the Pacific States 
will form, as regards aboriginal America, an encyclopedia of knowledge not only un 
equaled but unapproached. A literary enterprise more deserving of a generous sym- 
pathy and support has never been undertaken on this side of the Atlantic.” —FRANCIS 
PARKMAN, in the North American Review. 

‘« The industry, sound judgment, and the excellent literary style displayed in this 
work, cannot be too highly praised.” —Boston Fost. 


A BRIEF HISTORY OF CULTURE. 
By JoHN S. HITTELL. 1 vol., 12mo. Price, $1.50. 


‘‘ He writes in a popular style for popular use. He takes ground which has never 
been fully occupied before, although the general subject has been treated more or less. 
distinctly by several writers. . . . Mr. Hittell’s method is compact, embracing a wide 
field in a few words, often presenting a mere hint, when a fuller treatment is craved by 
the reader; but, although his book cannot be commended as a model of literary art, it 
may be consulted to great advantage by every lover of free thought and novel sugges- 
tions.”—V. Y. Tribune. 


THE HISTORY OF THE CONFLICT BETWEEN RE- 
LIGION AND SCIENCE. 


By JouHn W. Draper, M. D., author of ‘*The Intellectual Develop- 
ment of Europe.” 1 vol., 12mo. -Cloth Price, $4.75. 


“The conflict of which he treats has been a mighty tragedy of humanity that has 
dragged nations into its vortex and involved the fate of empires. The work, though 
small, is full of instruction regarding the rise of the great ideas of science and philos- 
ophy; and he describes inan impressive manner and with dramatic effect the way re- 
ligious authority has employed the secular power to obstruct the progress of knowledge 
and crush out the spirit of investigation. While there is not in his book a word of dis- 
respect for things sacred, he writes with a directness of speech, and a vividness of char- 
acterization and an unflinching fidelity to the facts, which show him to be in thorough 
earnest with his work. The ‘ History of the Conflict between Religion and Science’ 
is a fitting sequel to the ‘ History of the Intellectual Development of Europe,’ and will 
add to its author’s already high reputation as a philosophic historian.”’”’—W. Y, Tribune. 


THEOLOGY IN THE ENGLISH POETS. 
COWPER, COLERIDGE, WORDSWORTH, and BURNS. By 
Rev. STOPFORD BROOKE. I-vol., 12mo. Price, $2. 


*‘ Apart from its literary merits, the book may be said to possess an independent 
value, as tending to familiarize a certain section of the English public with more en- 
lightened views of theology.” —Lozdon Atheneum. 


BLOOMER’S COMMERCIAL CRYPTOGRAPH. 
A Telegraph Code and Double Index—Holocryptic Cipher. By J. G. 
BLOOMER. I vol., 8vo. Price, $5. 


By the use of this work, business communications of whatever nature may be tete 
graphed with secrecy and economy. ‘ 


D. APPLETON & CC., Prbiishers, New York. 


THE EXPANSE OF HEAVEN: 


A Series of Essays on the Wonders of the Firmament. 
By Ro PROCTOR, B.-A. 
arwel. t2mo. Cloth . —. + .« .. .Price,. $2.00. 


‘‘Itis Mr. Proctor’s good fortune that not only is he one of the great- 
est of living astronomers, but that he has a power of imparting knowl- 
edge that is not equaled by any living astronomer. His style is as 
lucid as the light with which he deals so largely, and the plainest of 
readers can go along with him with entire ease, and comprehend all 
that he says on the grandest subject ever discussed by mortal intelli- 
gence. Most scientific writers either cannot or will not so use the pen 
as to make themselves understood by the many; not so with Mr. 
Proctor: he both can and does so write as to command the attention of 
the million, and this too without in the least derogating from the real 
dignity of his sublime theme. Few of us can study astronomy, because 
that implies a concentrated devotion to an inexhaustible matter, but 
we all can read astronomical works to our great advantage if astrono- 
mers who write will but write plainly; and in that way, without having 
the slightest claim to be spoken of as ‘‘scientists,’? we can acquire no 
ordinary amount of knowledge concerning things that are of the loftiest 
nature, and the effect of which must be to elevate the mind. Such a 
book as ‘The Expanse of Heaven’ cannot fail to be of immense use 
in forwarding the work of education even when it is read only for 
amusement, so forcible is the impression it makes on the mind from 
the importance of the subjects treated of, while the manner of treat- 
ment is so good.”’—Loston Traveller. 

‘¢Since the appearance of Ennis’s book on ‘The Origin of the 
Stars,’ we have not read a more attractive work on astronomy than 
this. It is learned enough to be instructive, and light enough to be 
very entertaining.’’—A/ta California. 

‘It reads like a work of fiction, so smooth and consecutive is it; 
but it inspires the worthiest thoughts and the highest aspirations.’’— 
Boston Commonweatth. 

‘* Perfectly adapted to their purposes, namely, to awaken a love for 
science, and at the same time to convey, in a pleasant manner, some 
elementary facts.” —Church Herald. 

‘‘This is not a technically scientific work, but an expression of a 
true scholar’s conception of the vastness and grandeur of the heavens. 
There is no dry detail, but blended with the scholar’s discoveries are 
the poet’s thoughts, and a true recognition of the Almighty’s power.’’ 
—Troy Times. 


D. APPLETON & CO., Publishers, 
549 & 551 Broapway, N. Y. 


A New Magazine for Students and Cultivated Readers. 


THE 


POPULAR SCIENCE MONTHLY, 


CONDUCTED BY 
Professor BE. L. YOUMANS. 


THE growing importance of scientific knowledge to all classes of the 
community calls for more efficient means of diffusing it. THE POPULAR 
SCIENCE MONTHLY has been started to promote this object, and supplies a 
want met by no other periodical in the United States. 

It contains instructive and attractive articles, and abstracts of articles, 
original, selected, and illustrated, from the leading scientific men of differ- 
ent countries, giving the latest interpretations of natural phenomena, ex- 
plaining the applications of science to the practical arts, and to the opera- 
tions of domestic life. 

It is designed to give especial prominence to those branches of science 
which help to a better understanding of the nature of man; to present the 
claims of scientific education; and the bearings of science upon questions 
of society and government. How the various subjects of current opinion 
are affected by the advance of scientific inquiry will also be considered. 

In its literary character, this -periodical aims to be popular, without be- 
ing superficial, and appeals to the intelligent reading-classes of the commu- 
nity. It seeks to procure authentic statements from men who know their 
subjects, and who will address the non-scientific public for purposes of ex- 
position and explanation. 

It will have contributions from HERBERT SPENCER, Professor HUXLEY, 
Professor TYNDALL, Mr. DARWIN, and other writers identified with specu- 
lative thought and scientific investigation. 

THE POPULAR SCIENCE MONTHLY ts published in a large 
octavo, handsomely printed on clear type. Terms, five Dollars per annum, 
or fifty Cents per copy. 


OPINIONS OF THE PRESS. 


‘‘ Just the publication needed at the present day.” —Moxntreal Gazette. Fae 

<< Tt is, beyond comparison, the best attempt at journalism of the kind ever made in this 
country.” —Hosme Fournal. 

‘¢ The initial number is admirably constituted.” —Avening Maz. 

‘< Tn our opinion, the right idea has been happily hit in the plan of this new monthly.” 
—Buffalo Courier. i Sas 

«¢ A journal which promises to be of eminent value to the cause of popular education in 
this country.” —WV. V. 7rzbune. 


IMPORTANT TO CLUBS. 


Tue Poputar ScreNcE Monruty will be supplied at reduced rates with any pericdi- 
cal published in this country. , iss : 
Any person remitting Twenty Dollars for four yearly subscriptions will receive an ex- 
tra copy gratis, or five yearly subscriptions for $20. 
Tur PopuLar SCIENCE MonTHLy and AppLetons’ JOURNAL (weekly), per annum, $8.00 
(ce Payment, in all cases, must be tn advance. : 
Remittances should be made by postal money-order or check to the Publishers, 


D. APPLETON & C0., 549 & 551 Broadway, New York, 
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